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REPORT  OF  THE  CHIKF  OF  ORDNANCE. 


Wae  Dbpaetment,  Ordnance  Oppick, 

Washington,  October  10, 1882. 
SiB:  I  have  the  honor  to  submit  the  following  report  of  the  priuoipal 

operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 

Jane  30,  1832,  with  auch  remarks  aud  recommendatioas  as  the  iuterests 

of  this  branch  of  the  military  senrice  seem  to  require. 
The  fiscal  resources  and  expenditures  of  the  department  during  the 

year  were  as  follows,  viz : 

Amoaut  in  the  Treasury  to  the  oredit  of  the  appropriktioDS  od  Jdds  30, 

1881 I40O.186  11 

Amoont  in  the  Treaanrj  not  reported  to  the  creditof  the  apptopriatioun 
on  Jane  30,  1881 ( 2,658  85 

Amoaut  in  ((OTemment  depooitoriM  to  the  credit  of  diobanting  officers 

and  othen  on  June  30,  WMl 175,«rH  54 

Anoant  of  »pproprialioiu  for  the  eerrioe  of  the  tUcol  fe&r  ended  Jane 
30,  1*32 1.762,100  00 

Amounts  re fuDded  to  ordnanoe  appropriations  in  settling  accoants  dur- 
ing the  fiscal  jear  ended  June  30,  1882 3,995  OS 

Oroaa  amonnt  Teceived  dnring  the  fiscal  year  ended  Jane  30,  1R83,  from 
sales  to  officers,  from  rents,  &om  collections  from  troops  ou  account 
of  losses  of,  or  damages  to,  ordoaDoe  stores,  bom  Chicago,  Book 
Island  aud  PaciQc  Railway  Company,  from  exchange  of  powder  and 
projectiles,  from  sales  of  condemned  stores,  and  frumall  other  sonrces 
not  before  mentioned 390,403  56 

Total a.733,6J2  12 

Amount  of  expenditures  dnring  the  fiscal  year  ended  June  30,  1882,  in- 
cindiug  expenses  attendiog  sales  of  coDdemoed  stores,  exchange  of 
powder,  &c Jl, 669,276  50 

Amonat  deposited  la  Treasury  during  the  fiscal  year  ended  Jane  30, 

ltJ82,  as  proceeds  of  sales  of  government  property 206,092  97 

Amonnt  lapsed  into  the  Treasury  from  the  appropriation  "Ordnance 
material,"  under  act  of  March  3,  1^5,  during  the  fiscal  year  ended 
Jane  30, 1882 16,986  88 

Amonnt  turned  into  the  "snrpluenind"  on  June  30,  1683 318  63 

Amonnt  in  goTemment  depositories  to  the  credit  of  disbarsing  officers 
and  others  on  June  3D,  1882 216,943  83 

Amotmt  transferred  from  ordnance  appropriations  in  settling  accounts 

dnring  the  fiscal  year  ended  June  30,  1883 S67  81 

Amount  In  the  Treasury  not  reported  to  the  credit  of  appropriations 

on  June  30,  1882 7,391  69 

Amount  in  the  Treasury  to  the  cmdlt  of  appropriations  on  June  30, 

1882 616,341  81 

Total 2,733,622  12 
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STATIONS  AND  DUTIES. 

The  stations  and  duties  of  the  officers  of  the  Ordnance  Department 
are  as  follows :  Three  at  the  Ordnance  Office;  thirty -one  at  the  arsenals, 
armory,  agency,  and  powder  depots ;  eight  on  the  Ordnance  Board  and  at 
the  foundries ;  eight  at  the  several  military  headquarters  and  ordnance 
depots ;  four  at  the  Military  Academy ;  one  under  the  orders  of  the 
Secretary  of  the  Interior;  one  in  the  Life-Saving  Service,  under  the 
Secretary  of  the  Treasury  5  and  two  on  leave  of  absence,  sick.  CTnder 
the  operation  of  existing  laws  one  officer  (Lieutenant  Gordon)  has 
been  transferred  to  the  department  from  the  line  of  the  Army,  after 
passing  a  satisfactory  examination. 

The  Ordnance  Department  provides  the  armament  for  our  sea-coast 
defenses,  and  arms  and  other  ordnance  stores  for  the  Army,  the  militia, 
the  Marine  Corps,  all  other  executive  departments,  to  protect  public  money 
and  property,  and  the  thirty  colleges  authorized  by  law  to  receive  them 
for  instruction.  It  has  not  only  to  provide  these  ordnance  and  ord- 
nance stores  of  the  very  best  quality  and  most  perfect  workmanship, 
but  to  determine  on  the  most  effective  material  for  war  purposes  after 
long  and  careful  study  and  trial,  and  endeavor  to  keep  abreast  of  the 
hurrying  progress  of  the  a^e. 

Bock  Island  Arsenal. — The  interesting  report  of  the  commanding  offi- 
cer is  herewith  submitted.  The  work  has  been  prosecuted  with  most 
commendable  skill  and  economy. 

Benicia  Arsenal. — The  last  appropriation  made  by  Congress  for  the 
workshops,  will  permit  their  erection  at  an  early  day,  and  place  that 
arsenal  in  condition  to  do  all  the  work  required  of  it  on  the  Pacific 
coast. 

San  Antonio  Arsenal. — ^The  liberal  appropriation  made  by  Congress 
for  buildings  will  provide  all  the  storage  room  and  facilities  for  repairs, 
so  necessary  in  an  arsenal  that  supplies  that  long  frontier. 

Piccatinny  Powder  Depot. — ^The  commanding  officer  makes  a  detailed 
report  of  that  reservation,  and  of  the  work  already  performed  and  to  be 
done,  in  the  establishment  of  that  important  depot  of  gunpowder.  It 
is  hoi>ed  that  Congress  will  continue  to  make  liberal  appropriations 
for  it. 

Frankford  Arsenal. — The  interesting  report  made  by  the  commanding 
officer  is  herewith  submitted.  This  being  the  only  cartridge  factory 
belonging  to  the  government,  it  should  be  fostered  and  sustained  by 
liberal  appropriations. 

Ordnan,ce  Notes. — I  have  also  to  submit  some  very  valuable  papers  on 
Ordnance  and  other  subjects,  prepared  by  officers  of  the  department. 
Such  papers,  published  as  "  Ordnance  Notes,^  have  given  very  general 
satisfaction.  They  are  distributed  freely  through  the  Army,  and  contain 
so  much  of  the  military  literature  of  the  day  as  to  enable  those  on  the 
frontier  and  far  from  books  and  periodicals  to  keep  well  informed  of 
passing  events  and  improvements. 


BEPOBT  OF  THE  CHIEF  OF  OSDNANCE.  5 

SMALL- ABH8. 

There  were  manufactured  at  the  National  Armory,  Springfield,  Mass., 
daring  the  last  fiscal  year  ending  June  30, 1882,  23,428  artna,  viz,  rifles, 
carbines,  officers'  rifles,  and  shot-guns.  A  large  amount  of  Ttork,  repair- 
ing, making  spare  parts,  &c.,  whs  also  doue. 

On  June  30, 1882,  there  were  on  hand  53,542  arms  as  a  reserve  supply. 

The  Springfield  breech-loading  arms  still  continue  to  give  satisfac- 
tion to  the  Army.  As  a  single  breech-Ioailer  for  troops  it  has  no 
superior,  and  it  is  confidently  believed  that  it  will  bold  its  place  until 
it  is  superseded  by  a  magaziue  gun. 

MAGAZINE  GUNS. 

On  my  recommendation  Congress  at  its  last  session  provided  for  the 
manufacture  or  purchase  of  a  limited  Dumber  of  magaziue  guns,  should 
any  l>e  recommended  by  the  Board  then  in  session  and  authorized  by 
the  previous  Congress.  That  Board  assembled  on  the  5th  of  July, 
1881,  Col.  John  B.  Brooke,  Third  lufuntry,  as  president,  and  continued 
in  session  until  September  30,  1882 — a  period  of  flfteeu  months — when 
its  report  was  submitted. 

Forty  guns  on  thirteen  different  systems — some  being  duplicates  or 
modifications  of  others — were  tried  by  the  Board  and  subjected  to  cer- 
tain tests.  These  forty  guns  were  Anally  reduced  to  six,  which  were  put 
through  severe  supplementary  tests,  and  the  three  guns  that  stood  all 
the  tests  most  successfully  and  satisfactorily  were  recommended  us 
"soitable  for  the  military  service."  The  guns,  recommende<l  in  the 
order  named,  are  the  Lee,  the  Chaffee-Keece,  and  the  Hotchkiss,  and 
they  represent  the  different  systems  of  the  detachable  and  fised  maga- 
zines. 

These  reeommeudations  of  the  Board  having  been  approved  by  the 
Secretary  of  War,  steps  will  be  taken  to  provide  the  guns  as  soon  as 
the  necessary  information  is  obtained  upon  which  to  take  action, 

SPRINGFIELD  SHOT-GUNS. 

On  the  suggestion  of  Col.  J.  C,  Kolton,  Assistant  Adjutant-General, 
a  8ho^gnn  was  prepared  at  the  N^ational  Armory,  by  applying  a  Spring- 
field breech-loading  system  to  a  caliber  .58  barrel,  reamed  out  to  No.  2U 
gauge.  This  was  done  at  little  expense,  and  gave  such  satisfaction  that 
on  the  recommendation  of  the  General  of  the  Army  two  shot-guns  with 
ammunition  have  been  issued  to  each  company  in  certain  designated 
regiments  on  the  frontier  to  enable  the  soldier  to  hunt  for  birds  and 
small  game.  The  guns  have  continued  to  meet  with  so  much  favor  that 
a  sufficient  number  are  now  being  prepared  to  supply  every  company 
west  of  the  Mississippi. 
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MEDALS — REWARDS  FOR  TARGET  PRACTICE. 

General  Order  No.  53  of  May  15, 1882  (substituted  for  General  Order 
44,  series  of  1881),  provides  that  suitably  inscribed  gold  and  silver 
medals  be  awarded  to  the  successfnl  marksmen  in  the  department, 
division,  and  Army  contests — to  become  the  absolute  property  of  the 
winners.  These  medals  are  prepared  at  the  Philadelphia  mint,  and  are 
very  creditable  in  design  and  finish,  and  will  no  doubt  give  the  greatest 
satisfaction  to  the  recipients  and  the  Army.  The  last  medals  ordered 
are  promised  in  three  months,  the  preparation  of  the  dies  being  delayed 
by  other  more  important  work.  Next  year,  and  thereafter,  the  medals 
will  be  ready  before  the  contests  begin,  that  their  delivery  to  the  suc- 
cessful men  may  be  made  on  the  spot. 

ARMAMENT  OF  FORTIFICATIONS. 

Herewith  are  submitted  several  reports  of  the  ^*  Ordnance  Board,'^  on 
tests  and  proof  of  guns  and  projectiles,  made  since  the  date  of  my  last 
annual  report. 

In  October  last  an  8-inch  breech-loading  rifle  and  an  114nch  breech- 
loading  rifle,  converted  respectively  from  a  10-inch  and  a  15-inch  smooth- 
bore, burst  in  proof  by  the  rupture  of  the  steel  breech  receiver  made  on 
the  Krupp  system.  The  iracture,  commencing  at  the  front  corners  of 
the  slot  for  the  breech  block,  next  the  cast  iron,  passed  round  the  walls 
of  the  breech  receiver  in  a  plane  transverse  to  the  axis.  Practically,  the 
steel  breech  was  blown  off,  leaving  the  cast-iron  body  intact.  A  thorough 
examination  of  the  metal  and  fracture  leads  to  the  conclusion  that  the 
rupture  was  caused  by  defective  design,  aided  perhaps  by  the  character 
of  the  steel. 

An  8-inch  breech-loading  rifle,  with  the  sharp  comers  in  the  breech 
Hlot  rounded  off  to  prevent  the  beginning  of  rupture  at  those  angles, 
endured  127  rounds,  with  charges  of  50  and  55  pounds,  of  which  22 
rounds  were  with  a  violent  powder  entailing  high  pressures — a  roost 
excellent  record.  The  gun  went  all  to  pieces,  showing  that  the  parts 
gave  equal  support  to  the  system,  and  proving  the  excellence  of  the 
combination  of  metals,  when  of  suitable  quality,  and  the  design  not 
faulty. 

The  four  12-inch  rifles  that  were  contracted  for  under  act  of  May  4, 
1880,  have  not  been  made.  The  design  contemplated  guns  of  cast  iron, 
with  wrought-iron  tubes  and  steel  breech-receivers,  on  the  Krupp  sys- 
tem. These  receivers  had  to  be  ordered  item  abroad,  but  when  received 
and  carefully  tested,  the  metal  not  being  up  to  the  standard,  they 
were  rejected.  Further  work  on  the  preparations  for  making  the  guns 
was  suspended  to  await  the  report  of  the  Getty  Board  and  the  action 
of  Congress  on  the  Board's  recommendations. 

The  '^  Act  making  appropriations  for  fortifications  and  other  works  of 
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defenae,  and  for  the  annamenb  thereof,  for  the  flBcal  year  ending  June 
30, 1882,  and  for  other  pnrposes,"  approved  March  3, 1881,  provides: 

And  the  President  ia  anthoriied  to  seleot  a  board,  to  consist  of  one  eogineer  officer, 
two  ordnanoa  offlcere,  and  two  offloers  of  artillery,  whose  datjr  it  stiall  be  to  make  ex- 
aminations of  all  inventions  of  heavy  ordnance  and  improvemente  of  heavy  ordnance 
sad  projectiles  that  ma;  be  presented  to  tbem,  inolading  gnns  now  being  coustracted 
or  converted  under  direction  of  the  Ordnance  Barean ;  and  said  board  shall  make  de- 
tailed report  to  the  Secretary  of  War,  for  trauBmission  to  CoDgress,  of  sncb  esomina- 
tion,  with  leeommendatiou  as  to  what  inventiooa  are  worth;  of  actual  test,  and  the 
estimated  cost  of  suoh  teat ;  and  the  snm  of  twenty-five  thooBsad  dollars,  or  so  mnch 
thereof  as  may  be  necessary,  is  hereby  appropriated  fbr  snoh  poipoee. 

Under  this  act  a  Board,  of  which  General  George  W.  Getty  was 
president,  was  convened,  and  after  laborious  sessions,  extending  through 
ten  months,  made  its  report  to  the  Secretary  of  War  May  18,  1882. 
The  Board  in  its  report  recommended  for  trial,  and  for  construction  and 
trial,  the  following  guns,  viz: 

The  Lyman-Haskell  accelerating  or  multicharge  gnu,  of  6  inches  cali- 
ber, for  trial. 

Dr.  W.  E.  Woodbridge'a  plan  of  a  wire-wound  cast-iron  B.  L.  gun, 
wire  soldered,  of  10  inches  caliber,  for  constraction  and  trial. 

Plan  submitted  by  the  Chief  of  Ordnance  of  a  east-iron  B.  L.  gnn 
hooped  with  steel,  of  12  inches  caliber,  for  constmction  and  triah 

Plan  submitted  by  the  Chief  of  Ordnance  of  a  cast-iron  B.  L.  gun, 
hooped  and  tubed  with  steel,  of  12  inches  caliber,  for  construction  and 
trial. 

Plan  submitted  by  the  Chief  of  Ordnance  of  a  cast-iron  M.  L,  rifled 
mortar,  hooped  with  steel,  of  12  inches  caliber,  for  construction  and 
trial. 

W.  P.  Hunt's  plan  of  a  steel  B.  L.  gun,  of  10  inches  caliber,  for  con- 
stmction and  trial. 

Dr.  W.  E.  Woodbridge's  plan  of  a  brazed  steel-wire  B.  L.  gnn,  of  10- 
inches  caliber,  for  constmction  and  trial. 

Plan  snbmitted  by  the  Chief  of  Ordnance  of  a  steel-wire  B.  L.  gun  of 
8  inches  caliber,  for  construction  and  trial. 

Dr.  W.  E.  Woodbridge's  plan  of  a  steel  B,  L.  gun,  longitudinal  bars, 
wire-wonnd  and  soldered,  of  10-inches  caliber,  for  construction  and  trial. 

A  wire- wrapped  B.  L.  steel  rifle,  after  the  plan  of  Schultz,  submitted 
by  Col.  S.  Crispin,  of  S  inches  caliber,  for  construction  and  trial. 

This  report  was  transmitted  to  the  Senate  by  the  Secretary  of  War 
Hay  29, 1882,  but  no  action  was  taken  by  Congress  at  its  last  session 
to  carry  ont  the  cecommendations  of  the  Board. 

These  recommendations  are  now  before  Congress  for  its  action,  and 
tiie  recent  appointment  by  the  Senate  of  a  select  committee  "to  take 
into  consideration  the  subject  of  heavy  ordnance  and  projectiles  for  the 
armament  of  the  Kavy  and  the  sea-coast  defenses,"  and  who  are  to  report 
"to  the  Senate  at  its  next  session,"  make  it  proper  for  the  department 
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to  await  the  action  of  Congress  before  entering  on  the  manufacture  or 
conversion  of  heavy  cannon. 

With  the  very  pressing  need  for  sea-coast  armament  constantly  before 
us,  it  should  seem  expedient  to  take  every  advantage  of  our  own  resources 
to  help  provide  for  our  wants.  It  will  doubtless  be  practicable  for  us 
to  produce  rifled  guns  of  moderate  power  even  from  cast  iron,  provided 
the  cast  iron  be  suitably  strengthened  with  steel  hoops,  or,  better,  with 
hoops  on  the  exterior  and  a  steel  tube  on  the  interior.  Such  guns,  how- 
ever, are  very  heavy  in  proportion  to  their  power.  The  substitution  of 
steel  wire  for  the  hoops  would  seem  to  be  an  advantageous  modification, 
and  its  trial,  as  recommended  by  the  Board,  promises  important  results. 
A  similar  plan  is  now  being  tried  with  experimental  cast-iron  guns  in 
France.  For  the  manufacture  of  rifled  mortars,  cast  iron  strengthened 
with  steel  hoops  may  be  used  to  advantage.  In  the  mortar  very  great 
strength  is  not  needed,  as  the  charges  employed  are  small;  but  since 
its  fire  is  comparatively  uncertain,  it  is  necessary,  in  order  that  it  may  be 
eff*ective,  that  what  it  lacks  in  accuracy  may  be  made  up  by  the  num- 
ber of  mortars  used.  With  such  pieces,  therefore,  cheapness  and  facil- 
ity of  production  are  essential  requirements,  and  the  small  charge  and 
short  bore  admit  of  using  a  comparatively  light  mortar. 

The  material  out  of  which  fullrpower  guns  must  be  made  is  unques- 
tionably steel.  All  the  first-class  powers  of  Europe  have  adopted  it. 
Even  those  that  have  spent  more  miUions  than  we  have  thousands  in 
the  effort  to  determine  on  the  most  reliable  metal  for  gun  construction, 
are  abandoning  cast  and  wrought  iron,  either  simple  or  in  combination 
with  other  metals,  and  are  now  devoting  their  attention  to  steel,  and 
to  steel  alone.  The  marvelous  strides  in  gun  construction  made  within 
a  year  or  two  in  the  manufacture  of  guns  of  great  strength  and  high 
power,  point  to  the  conclusion  that  encouragement  should  be  given  in 
every  way  possible  to  the  manufacture  of  steel  in  large  masses  suitable 
for  this  purpose.  At  present  tentative  efforts  have  developed  but  little 
to  encourage  the  hope  that  steel  guns  for  coast  defense  can  be  produced 
in  this  country.  The  use  of  wire- wound  guns,  if  they  prove  as  success- 
ful  as  recent  experiments  here  and  abroad  make  us  hope,  will  greatly 
simplify  the  problem,  by  limiting  the  number  and  size  of  the  steel  masses 
needed,  while  the  wire  itself  can  now  be  procured  from  our  own  manu- 
facturers. Under  the  most  favorable  circumstances,  however,  the  couu 
try  is  in  no  condition  at  this  time  to  undertake  such  constructions  wholly 
out  of  home  products,  and  the  subject  is  of  sufficient  importance  to  ar- 
rest the  attention  and  receive  the  careful  consideration  of  Congress. 
This  subject  can  only  be  successfully  met  either  by  establishing  a 
national  foundry  or  by  assisting  and  encouraging  private  foundries  to 
procure  the  necessary  plant  and  experience. 

POWDERS. 

Some  further  experiments  have  been  made  during  the  past  year  to 
ascertain  the  suitableness  of  our  molded  powders  for  hea%'y  guns,  em- 
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ploying  large  charges.  Witb  a  coarse  granulation  aod  bigh  density 
some  very  satisfactory  results  have  been  obtained. 

With  the  13.25-iDch  M.  L.  rifle,  the  charge  has  been  augmented  to  180 
poaDds,  imparting  a  velocity  of  over  1,50U  feet  to  a  700-pouud  shot 
withont  entailing  a  pressure  of  more  than  2d,000  pounds  per  square 
inch  of  bore. 

It  is  probable  that  the  charge  m<vy  be  still  further  increased  without 
overstraining  the  gun.  With  a  greater  length  of  bore,  such  as  could 
be  profitably  employed  with  these  large  charges,  there  ia  no  doiibt  but 
that  a  considerably  higher  velocity  would  be  attained.  The  subject  of 
prismatic  powders,  of  types  similar  to  those  employed  in  European  ex- 
periments, has  also  been  under  consideration,  and  arrangements  have 
been  made  to  procure  trial  samples  whenever  we  shall  obtain  a  suitable 
gun  for  testing  tbem. 

It  is  believed,  however,  that  our  own  type  of  powders  possesses  a  suffi- 
ciently wide  range  of  adaptability  to  enable  us  to  meet  very  largely,  if 
not  to  the  utmost,  the  present  requirements  of  heavy  guns.  It  is  my 
intention  at  least  to  continue  their  development  by  further  esperiments. 

PROTECTIOK  OP   SlIBMAEINE  MIKES. 

In  February  last  the  Chief  of  Engineers  referred  to  me  a  report  of  the 
Board  of  Engineers  for  Fortifications  of  February  15, 1882,  on  the  proper 
means  of  defending  ton>edo  fields,  and  recommending  volleys  from  large- 
bored  gnns,  fired  automatically — these  gunn  to  be  so  arranged  as  tcsweep 
the  whole  space  occupied  by  the  mines  and  cables.  The  board  suggested 
that  experiments  be  made  to  determine  suitable  kinds  of  projectiles  for 
the  most  effective  flanking  of  torpedo  lines,  and  that  the  attention  of 
this  depiirtinent  be  invited  to  the  subject.  The  papers  were  at  once 
8ubmitte<l  to  the  Ordnance  Board,  with  tbe  necessary  instructions  to 
carry  on  snch  experiments  as  may  enable  this  department  to  successfully 
meet  this  great  want  in  tbe  pro^wr  defense  of  our  harbors. 

LIGHT  AETTLLEEY   BOAED. 

In  April,  1881,  General  Orders  No,  39  convened  a  Board  of  artillery 
officers,  of  which  Col,  J.  C.Tidball  was  president,  "to  consider  the  recent 
changes  in  guns,  harness,  and  equipments  for  light  batteries."  The  action 
of  such  a  Board  I  deemed  of  the  first  importance,  as  little  had  been  done 
in  that  direction  for  some  years. 

Tbe  Board  made  a  preliminary  report  to  enable  this  department  to 
manufacture  samples  of  carriages,  harness,  &c.,  embodying  its  views,  so 
as  to  present  to  a  subsequent  Board  the  articles  or  improvements  recom- 
mended, that  action  might  be  taken  on  practical  results.  Tbe  prepara- 
tion of  a  metal  field  carriage,  limber,  and  caisson  has  been  greatly  delayed 
by  the  difficulty  of  procuring  suitable  material  in  proper  shapes,  but  it 
is  confidently  believed  that  we  will  be  ready  for  the  action  of  an  artillery 
board  at  aa  early  day. 
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The  large  amount  of  artillery  and  its  supplies  left  from  the  war,  and 
the  small  appropriations  available  for  such  purposes,  has  deterred  the 
department  from  entering  until  now  upon  the  increased  expenditures 
attendant  on  the  introduction  of  new  material.  The  adoption  of  steel 
breech-loading  field  guns  in  all  the  armies  of  Europe  calls  for  experi- 
mental action  on  our  part,  and  I  have  now  in  course  of  preparation  a 
design  for  a  steel  B.  L.  gun  suited  to  the  wants  of  our  service,  and  have 
directed  inquiries  to  be  made  into  the  possibility'  of  making  such  a  gun 
in  this  country  from  the  products  of  our  own  foundries  and  workshops. 
It  is  believed  that,  with  proper  encouragement,  field  guns  can  be  made 
here  without  the  necessity  of  going  abroad  for  the  steel. 

U.  S.  TESTING  MACHINE. 

The  report,  by  the  commanding  officer  of  the  Watertown  Arsenal,  of 
tests  of  iron  and  steel,  and  other  materials  for  industrial  purposes,  made 
dunng  the  last  fiscal  year,  has  been  received,  and  will  be  submitted  for 
transmission  to  Congress  at  the  opening  of  the  next  session,  as  provided 
by  law.    In  the  last  Army  appropriation  bill  it  is  provided : 

And  the  Chief  of  Ordnauce  shall  give  attention  to  snoh  programme  of  tests  as  may 
be  submitted  by  the  American  Society  of  Civil  Engineers,  and  the  record  of  such  tests 
shall  be  furnished  said  society,  to  be  by  them  published  at  their  own  expense. 

I  recommended  the  passage  of  this  provision,  believing  it  io  be  for  the 
best  interests  of  the  public  that  those  who  are  so  largely  interested  in 
prominent  and  important  constructions  could  best  advise  the  department 
as  to  the  tests  most  neetled  for  present  and  future  use.  I  was  anxious 
that  authority  be  given  by  Congress  to  publish  monthly  bulletins  of 
tests  made,  that  the  engineer  and  the  manufacturer  might  have  the 
earliest  possible  information. 

The  results  given  by  the  testing  machine  are  for  the  benefit  of  the 
whole  country,  and  the  people  should  be  permitted  to  utilize  the  results 
as  fast  as  they  are  obtained.  This  can  only  be  eflfected  by  their  imme- 
diate publication,  and  I  respectfully  recommend  that  this  be  authorized. 

The  capacity  of  the  machine  is  limited  to  tests  of  extension  and  com- 
pression. I  have  been  advised  by  distinguished  civil  engineers  and  by 
the  commanding  officer  Watertown  Arsenal  that  either  additions  to  the 
present  machine  or  additional  machines  should  be  provided  for  the  tests 
of  torsional  and  transverse  resistance.  The  latter  is  believed  to  be  the 
better  plan,  and  two  other  machines  ought  to  be  built.  I  have,  there- 
fore, submitted  estimates  of  $100,000  for  the  purpose. 

MILITIA. 

To  more  completely  arm  and  equip  the  whole  body  of  the  militia,  as 
contemplated  by  the  act  of  1808  making  an  annual  appropriation  of 
$200,000,  that  amount  should  be  largely  increased.  The  bill  (S.  1696) 
reported  from  the  Senate  Committee  on  Military  Affairs,  and  now  on  the 
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calendar,  provides  for  a  aabstantial  increase  to  this  appropriation,  and 
contains  otber  important  provisions  wbicli  would  result  in  the  greatest 
benefit  to  the  roilitia.  I  strongly  recommend  its  passage.  It  is  as  fol- 
lows: 

Bt  it  enacted  hn  ft«  SmaU  and  Houu  of  BepreeenlaHeet  of  tie  United  Slalei  of  Amertea 
in  Congreat  a»»tmbltd.  That  sootion  aiiteen  liiiDiired  and  Bisty-oue  uf  the  Reriaed 
Statnles  be,  and  the  same  is  hereby,  amended  and  re-enacted  so  as  to  reiul  as  follows: 

Srctiox  1,  That  Thu  slim  nf  sic  handred  thousand  dollars  i a  hereby  auDiially  appro- 
priated, to  be  puid  oQt  of  any  money  id  the  Treasnry  not  otherwise  appropriated,  for 
the  pnrpoae  of  providing  anus,  eqnipaienta,  ammanition,  ordnance  stores,  and  tenta 
for  the  militia. 

Sec-  2.  That  said  appropriation  ahall  be  apportioned  among  the  aeveml  States  aod 
Territories  on  the  books  of  the  Onlnance  Department  by  the  Chief  of  Ordnance  of  the 
Annj,  nu'ler  the  direction  of  iha  Secretary  of  War,  according  to  the  number  of  Heprc- 
sentatiTes  or  Delegates  to  which  each  State  and  Territory  respectively  is  entitled  in 
the  Congress  of  the  United  Slates:  Prorided,  Aoirerer,  That  each  8lat«  and  Territory 
shall  only  be  entitled  to  the  beneflts  of  so  nioch  of  tbe  appropriation  apportioned  to 
it  »8  tfae  proportion  of  the  number  of  ita  regularly  enlisted,  organized,  and  uniformed 
active  militia,  as  detumiined  by  the  report  of  the  Secretary  of  War  made  on  Che  pre- 
ceding flrst  Monday  in  February,  bears  to  the  maximum  number  of  active  militia  for 
which  such  State  or  Territory  is  entitled  tq  the  benetits  of  this  act.  And  the  amount 
of  said  appropriation  which  is  thus  determined  not  to  be  available  shall  be  covered 
back  into  the  Treasnry. 

Sec.  3.  That  in  timeof  peace  the  number  of  active  militia  forwhich  each  Slate  and 
Territoiy  shall  be  entitled  to  receive  its  apportionment  of  the  appropriations  made 
by  this  act  shall  not  exceed  sii  hundred  regularly  uniformcd-comniisBionedofflcersand 
ei>liat«d  men  for  each  Representative  and  Delegate  to  which  such  State  or  Territory  is 
entitled  in  the  Congress  of  the  United  States. 

8rc.  4.  That  the  purchase  or  manufacture  of  ordnance,  ordnance  stor«a,  and  tents 
for  tfae  militia  nndertfae  pnmsionsof  this  act  shall  Lie  made  by  the  Chief  of  Ordnance 
of  the  Army,  under  the  direction  of  the  Secretary  of  War,  and  they  sbailbe  receipted 
for  and  shall  remain  the  property  of  the  United  States,  and  be  annually  accounted 
fbrto  the  Chief  of  Ordnance  of  the  Army  by  the  governors  of  the  States  and  Territories, 
tor  which  purpose  the  Chief  of  Ordnance  of  the  Army,  under  the  direction  of  the 
Secretary  of  War,  shall  prescribe  and  supply  the  necessary  blanks,  and  make  such  reg- 
alations  as  he  may  deem  neccewiry  to  protect  the  interest  of  the  United  States. 

Sec.  !i.  That  all  arms,  equipments,  ordnance  stores,  or  t«nts  which  may  become 
nnserviceable  or  unsuitable  shall  be  examined  by  a  board  of  ofltcers  of  the  militia, 
sad  Its  report  shall  be  forwarde<l  by  the  governor  of  the  State  or  Ten'itory  direct  to 
the  Chief  of  Ordnance  of  the  Army  for  the  action  of  tfae  Secretary  of  War,  who  shall 
direct  what  disposition,  by  sale  or  oiherwlse,  shall  be  made  of  them ;  and  the  pro- 
ceeds of  such  sale  shall  be  covered  into  the  Treasnry  of  the  United  States. 

Sec.  6.  That  for  all  the  purposes  of  this  act  the  District  of  Columbia  shall  be  ac- 
eo  nted  and  treated  as  a  Territory  entitled  to  one  Delegate  in  Congress, 

The  following  quotations  are  from  the  committ«e's  report,  which  ac- 
companies the  bill: 

That  in  addition  totheresolntion  instrnctiiig  ns  to  consider  the  propriety  of  increas- 
ing tfae  annual  appropriation  for  tfae  militia,  there  Lave  been  referred  to  us  a  large 
number  of  petitions  from  the  ofScers  of  the  militia  relative  to  an  increase  of  the  ap- 
propriation and  other  amendments  to  the  existing  militia  law. 

And  again : 

A  simple  statement  of  fact  appears  t«  be  a  sufficient  response  to  the  resolntion  of 
the  Senate.    That  an  appropriation  fixed  in  ld08  to  provide  for  seventeen  States,  witb 
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a  popalatioQ  of  eight  millions,  is  inadeqaate  to  provide  for  thirty-eight  States  with  a 
population  of  fifty  millions  needs  no  argument.  The  Chief  of  Ordnance  has  for  many 
years  urged  Congress  to  increase  the  appropriation  ;  it  was  considered  and  favorably 
reported  to  the  Senat>e  by  this  Committee  in  the  Forty-fifth  Congress,  and  we  think  it 
would  be  difficult  to  conceive  any  reasonable  argument  against  it.     *     *     * 

It  will  be  perceived  that  no  provision  is  made  as  to  the  mode  of  apportioning  the 
appropriation  between  tlie  States,  no  requirements  for  accountability  for  the  property 
furnished,  or  limitation  on  the  disposition  that  the  States  may  make  of  it.  The 
greatest  defect  of  the  law,  however,  is  that  it  does  not  allow  the  furnishing  of  tents 
and  other  articles  necessary  to  provide  for  camps  of  instruction.  To  this  omission  of 
the  law  is  largely  due  the  disparity  between  the  different  States  in  the  strength  and 
efiSciency  of  the  militia. 

*  *  *  We  accordingly  report  herewith  a  bill  to  increase  the  annual  appropriation 
to  $600,000,  and  making  provisions  for  its  apportionment,  and  for  the  care,  accounta- 
bility, and  disposition  of  property  issued  under  it.  We  also  provide  in  the  bill  that 
each  State  shall  only  receive  such  proportion  of  the  amount  apportioned  to  it  as  the 
actual  number  of  its  active  militia  bears  to  a  fixe<l  maximum,  and  we  believe  this 
provision  wisely  calculated  to  foster  and  encourage  the  formation  of  volunteer  orgau- 
izations  in  those  States  where  but  few  now  exist. 

There  have  been  no  material  changes  in  the  law  relative  to  the  organization  of  the 
militia  since  its  original  enactment  in  1792,  and  it  is  obvious  that  many  of  its  provis- 
ions are  now  obsolete  and  many  amendments  desirable. 

Our  standing  army  is  a  small  one.  For  the  defense  of  the  country 
our  main  dependence  is  on  our  militia.  The  militia  should,  therefore, 
be  kept  in  the  best  condition  possible  for  actual  service.  Volunteer 
organizations  in  every  State  and  Territory  should  be  encouraged,  and 
every  effort  made  to  promote  their  efficiency  in  drill  and  discipline,  and 
make  them  skilliul  in  the  use  of  their  arms.  It  is  the  best  way,  and 
the  only  way,  to  render  tJiem  a  sure  and  safe  reliance  on  the  breaking 
out  of  war,  and  before  a  little  campaigning  has  inured  them  to  hard 
service  and  disciplined  them  into  old  soldiers. 

It  is  earnestly  recommended  that  the  special  attention  of  Congress 
be  invited  to  this  subject,  in  order  that  the  bill  above  quoted  njay  re- 
ceive favorable  consideration  at  the  ensuing  session. 

I  have  the  honor  to  submit  the  following  papers,  heretofore  referred 
to: 

Appendix  1. — Statement  of  principal  articles  procured  by  fabrication 
at  the  arsenals  during  the  year  ended  June  30,  1882. 

Appendix  2. — Statement  of  principal  articles  procured  by  purchase  at 
the  arsenal$  during  the  year  ended  June  30,  1882. 

Appendix  3. — Statement  of  ordnance,  ordnance  stores,  &e.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year 
ended  June  30,  1882. 

Appendix  4. — Apportionment  for  the  fiscal  year  ended  June  30, 1882,  of 
the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667  Revised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  from  July  1,  1881,  to  June  30, 1882,  under  section  1667 
Revised  Statutes. 
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Appendix  25. — Cartridges  and  Mction  primers  for  the  military  service, 
by  Lieat.  CoL  J.  M.  Whittemore,  Ordnance  Department. 

Appendix  26. — Mechanical  motion,  by  Lieut.  OoL  A.  B.  Buffington, 
Ordnance  Department. 

Appendix  27. — Metrical  into  United  States  measures,  and  vice  versay 
by  Lieat.  Rogers  Birnie,  Ordnance  Department. 

Appendix  28. — Determination  of  the  accnracy  of  small-arm  firing,  by 
Capt.  O.  E.  Michaelis,  Ordnance  Department. 

Appendix  29. — ^Report  on  Cranston's  safety  lighting  attachment,  by 
Capt.  D.  A.  Lyle,  Ordnance  Department. 

Appendix  30. — ^Report  of  the  Board  on  Magazine  Gnns. 

Appendix  31. — Deviations  of  small-arm  projectiles,  by  Capt.  John  £. 
Greer,  Ordnance  Department. 

Appendix  32. — Showing  the  stations  and  duties  of  the  officers  of  the 
Ordnance  Department. 

Appendix  33. — Proof  of  114nch  breech-loading  chambered  rifle  No.  1, 
by  Capt.  Charles  S.  Sndth,  Ordnance  Department. 

BEPOBTS  OF  THE  OBDj^ANOE  BOABD. 

Appendix.  M. — Report  on  the  11-inch  breech-loading  chambered  rifle 

No.  1. 

Appendix  35. — Report  on  the  steel  parts  of  11-inch  breech-loading 
chambered  rifle  No.  1. 

Appendix  36. — Report  on  the  8-inch  breech-loading  chambered  rifle 
No.  2. 

Appendix  37. — ^Report  on  the  steel  for  12-inch  breech-loading  guns 
and  mortar  howitzer. 

Appendix  38. — ^Report  on  the  comparative  trials  of  the  Butler  and 
Arrick  projectiles. 

Appendix  39. — Report  on  protection  of  magazines  from  lightning. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BENET, 
Brigadier-Generalj  Chief  of  Ordnance. 

To  the  Hon.  Seobei  iby  op  Wab. 


Appendix  1. 

statement  of  principal  articles  procured  by  fabrication  at  the  artettaU  dur  ■ 
ing  the  fiscal  year  ended  June  30, 1882. 

Class  IL 

15  carnages  for  Oatling  guns. 

Glass  III. 

6  breech  sights  for  Hotcbkiss  moaotain  gan. 
24  breecb  sights  for  8~iiicb  rifles. 
2  breech  sights  for  S-ioch  siege  howitzer. 
6  breecb  sights  for  3U-]>oander  Parrott  gtm. 
1  brass  breech  sight. 

1  gan  sight  and  elevating  device,  Zallnski's. 

2  leather  watering  backets. 

16  galvanized  iron  watering  backets. 
4  fase  blocks. 

60  gnuuers'  gimlets. 
1  gnuuer's  poach  for  breech  sight. 
62  handspikes,  maDeaveriDg. 
28  haadspikes,  trail,  for  Oatling  gaa. 

1  set  harness  for  Oatling  cart  (2  horses). 
10  sets  harness  for  Hotclikiss  moontain  gnn, 
10  sets  harness  for  Laidley  cavalry  forge. 

10  ladles  and  staves  for  8-inch  rifies. 
31  lanyards  for  friction  primers. 

2  ftont  sights  for  8  inch  rifle  howiteer. 

4  front  sights  for  S-inch  rifle. 

5  front  sightA  for  12-pouiider  moantatn  howitzer. 
4  front  sights  for  3-iDcb  rifle  gnn. 

47  pass  boxes  for  8-inch  rifle. 
2  poncbes  for  8-inch  rifle  howitzer  sights. 

1  poach  for  pendulum  hansse. 

2  priming  wires  for  field  guns. 
60  priming  wires  for  8-inch  rifle. 

2  qnoins  for  8-inch  siege  howitzer. 

1  qnoin  for  siege  carriage. 

1  rammer  and  stAve  for  8-inch  siege  howitzer. 
66  rammers  and  staves  for  8-iuch  muzzle-loading  rifle. 
20  pairs  shell  hooks  for  8-inch  rifle. 

1  scraper  for  cannon. 

4  sponge  covers  for  10-ponnder  Parrott  or  3-incb  rifled  gnn, 
66  sponge  covers  for  8-inch  rifle. 

2  sponges  and  rammers  for  12-poander  moontain  howitzer. 

6  sponges  and  rammers  for  3-incb  wroaght  iron  or  steet  gnn. 
66  sponges  and  staves  for  8-inch  rifle. 

2  sponges  and  staves  for  10-inch  rifle. 

1  sponge  and  stave  for  8-incb  siege  howitzer. 

15 
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50  tbumb-stalls. 

10  tompioDS  for  3-inch  rifled  gans. 

9  tompions  for  12poaQder  mouDtain  howitzer. 

4  tompions  for  siege  gnn,  4.5  inch. 
50  tube  poaches  or  boxes. 
121  vent  covers. 
50  vent  punches  for  8-inch  rifle. 
33  vent  pieces. 
50  water  tabs. 
20  worms  and  staves  for  8-inch  rifle  and  100-pounder  Parrott. 

1  interpolator,  Paddock's. 
46  muzzle  covers  and  straps. 
20  rammer  props  for  8-inch  rifle. 

I  cover  for  Hotchkiss  revolving  gun. 

Class  V. 

15  wire  canisters,  filled,  for  8-inch  rifle. 
4  wire  canisters,  filled,  for  10-inch  rifle. 
3, 998  shell  and  cases  for  1.5-inch  Hotchkiss  revolving  cannon,  filled 

and  fixed. 
5, 000  shells  and  cases  for  1.65.-inch  Hotchkiss  mountain  guns,  filled 
and  fixed. 

Class  VI. 

23, 036  Springfield  rifles,  caliber  .45. 
276  Springfield  shot  guns. 

II  marksmen's  rifies. 

50  officers'  rifies,  caliber  .45. 

52  Springfield  rifles,  caliber  .45,  for  infantry  and  cavalry. 

.50  cadet  swords. 

Class  VII. 

cavalry  accouterments. 

2, 500  carbine  slings,  grained  or  waxed  leather,  black. 
3, 500  pistol-belt  holsters,  Schofield's  Smith  &  Wesson  pistols. 
75  saber  belts  and  slings,  O.  M.  No.  18. 

INFANTRY  EQUIPMENTS. 

15, 193  bayonet  scabbard  bodies,  steel. 

13, 930  bayonet  scabbards,  steel,  Hoffman's  attachment. 

1, 000  blanket  bags  and  straps. 
13, 169  cartridge  boxes,  pattern  1874. 

1, 600  cartridge  boxes,  pattern  1874.  caliber  .50. 

52  knapsacks  and  straps,  wood  u*ames. 
10, 000  haversack  straps. 

8, 050  canteen  straps. 

5, 227  blanket  bags  and  straps,  with  shoulder  straps. 

7,986  canteens. 

3, 200  canteens  and  straps. 

6, 002  cartridge-belt  plates. 
10, 040  gun  slings. 

5,000  haversacks. 
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1, 000, 000  round  balls,  lubricated,  caliber  .45. 

295, 150  friction  primers. 

2, 120  electric  primers. 

155^Q  pounds  comi>o8ition  for  friction  primers. 

216J  i)ounds  priming  composition  for  cartridges. 

Class  IX. 

140  blocks. 

15  blocks,  half. 

30  blocks,  quarter. 

2  blocks,  iron,  single. 

2  blocks,  iron,  double. 

4  blocks,  iron,  treble. 

2  blocks,  wood,  snatch. 

9  chocks,  gun. 

68  chocks,  roller. 

112  chocks,  wheel. 

2  capstans  and  bars. 

2  derricks. 

1  collar  for  15inch  gun. 

1  cradle  for  15-inch  gun. 

1  capstan  or  crab,  geared. 

15  skids. 

38  rollers,  long. 

14  rollers,  short. 

34  shifting  planks. 

7  sling  chains. 

7  shot  beds,  wooden. 

5  w  rought  iron  shot  frames. 

6  way  planks. 

24  fencing  bayonets. 

1  plane  table. 

2  ])latforms  for  mortars. 

12  platforms  for  siege  carriages. 

10  platforms,  field  and  rail. 

127  shot  marks. 

7, 649, 000  pasters. 

57, 600  paper  targets. 

83  Laidley  revolving  targets. 

24  disks. 

12  disk  staves. 

12  signal  flags  with  staves. 

308  signal  flags  for  rifle  range. 

21  targets,  truck. 

293  streamers  for  rifle  range. 

Class  X. 

12  cap  squares,  field. 

2  counter  hurters  for  8  inch  carriages. 

136  parts  of  Laidley  cavalry  forges. 

6  poles  for  field  and  siege  carriages. 

10  nuts. 

40  washers. 

2  sponge  hooks. 
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281  halter  straps. 
3, 300  spring  snaps. 

40  safety  straps  for  saddle  bags. 
516  brass  staples  for  rings. 
2, 000  brass  foot  staples. 
1, 000  saddle-bag  studs. 
70  wooden  stirrups. 
68, 305  cartridge  bags,  empty,  various. 
1, 000  cartridge  shells,  revolver. 
5, 000  cartridge  shells,  rifle. 
3, 000  cartridge  caps,  piimed. 
6, 586, 000  cartridge  primers. 

31, 700  cartridge  shells,  primed. 
2, 145  cartridge  shells,  primed,  Hotchkiss. 
28, 629  cartridge  shells,  primed,  shot  gun. 
2, 100, 000  cartridge  wads,  carbine. 

2  poles  for  hand-sling  carts. 
4  iron  pins  for  capstan. 

258  parts  of  targets. 

MISCELLANEOUS. 

1, 772  arm  chests. 
2, 891  packing  boxes. 
395  tin  cans. 
40  iron  boxes. 

1  tin  packing  box. 
16  Madigan  l^xes. 

TOOLS. 

4  aprons,  smiths'. 
1  boat. 

3  wire  scratch  brushes. 
6  chamois-skin  cases. 

1  instrument  case. 
203  chisels,  assorted. 

279  cbisels,  metal  turning. 
3  barrels  coal-tar. 
13  drawings. 
1,222  drills. 
1, 100  pressure  disks. 

2  drifts. 

1, 398  dies,  assorted. 

32  extractors,  primer. 
2, 055  files,  assorted. 
241  files,  rotary. 

10  formers,  rockets. 
305  funnels,  copper. 
2  horses,  saddlers'. 
1  heading  tool,  double. 

1  indenting  tool,  pressure  gauge. 

2  ladders. 

6, 930  pounds  lubricant 
1  mallet. 
6  iron  mauls. 
1  opisometer. 
601  primer-extractor  pins. 
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313  priming  tools. 

3  pressare  gauges,  internal. 

6  pressure  scales,  diagonal. 
559  powder  chargers. 
24  paiiit  pots. 

9  reloading  baud  punches. 


1  punch,  resizing. 
100  steel  plates  for  cleaning-material  boxes. 
50  steel  plates  for  cleaning  buttons  and  ornaments. 
78  arm  racks. 
8  seal  stamps. 
16  sets  letter  stamps. 
1  wheelbarrow. 
481,320  pounds  alloy  for  bullets. 

776  cast'lrou  tablets  for  soldiers'  graves. 
116  rollers  for  painting  tablets. 
31  angers. 
67  bits, 
8  caliiiers. 

1  tool  for  markiug  and  cutting  cartridge-bag  material, 
1  caliper  for  riHe  projectiles. 

1  book  case. 

2  quarts  browning  mixture. 

3  pounds  polishing  material. 
240  ounces  leather  polish. 

80  ounces  scouring  material. 

1  disjuDctor  for  electro-ballistic  pendolom. 

1  dynamometer,  hydrostatic  pressare. 
100  elements,  zinc,  for  galvanic  battery. 
100  flaking  boxes,  for  life-saving  service. 

1  star  gauge. 
28  gauges,  assorted. 
100  gas  checks. 
100  pounds  wheel  grease. 

1  gauge,  cartridge  tool. 

1  ffet  gauges,  chamber  and  cartridge  for  shot-gnn. 

1  gauge,  front  sight. 

1  set  gauges,  cartridge  primer. 

1  gauge,  electric  primer  box. 

1  gauge,  friction  primer  box. 

2  sets  gauges,  No.  20  cartridge  shells. 
20  gallons  lacker. 

6  lead  furnaces. 
216  mills,  armorers'. 

1  cartridge  heading  machine. 

2  cartridge  head  trimming  machines. 
1  cartridge  pocket  sizing  machine. 

1  cartridge  venting  machine. 
1  cartridge  press. 

1  set  plates  and  tools  for  inserting  anvil. 
6, 322  pounds  harness  oil. 

5, 405j  pounds  paint,  various. 
483J  pounds  putty. 

2  brass  rules  for  measuring  pressures. 
i  paper  stencils. 
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4  magazine  slippers, 
no  x>oimds  solder. 

1  copper  scoop. 

1  copper  shoveL 
521  stoves  fOT  Qaartermastei^s  Department, 
377  parts  of  stoves. 

3  iron  doors  for  Qaartermaster's  Department. 

5  cast-iron  posts. 
23  screw  taps. 

14  thimbles  for  rope. 

1  tool  ba^. 
165  parts  of  tools  for  reloading  cartridges. 
106  sets  of  tools,  hand,  for  reloading  cartridges. 

1  spring  wagon  and  cover. 
2, 635  tools  for  current  service. 

S2i  gaUons  shellac  varnish. 

2  shafts  for  circolar  saw. 
98  pounds  sealing  wax. 

X  sideboard  for  post. 
40  pounds  black  wax. 

6  teeth  for  Winchester  reloader. 
1  lever  scales. 

16  tree  guards. 


Appendix  2. 

Stalemmt  of  principal  arttclea  procured  by  purchase  at  the  arsenals  during 
the  sear  ended  June  30, 1882. 

Class  I. 

2  Catling  gtiDS,  10  barrels,  long,  caliber  .i5,  model  1881. 

3  breech-loadiDg  cbambere>d  rifles,  caliber  3.20. 

4  Hotohkiss  revolving  catmoDS,  caliber  1.5  incb. 

2  ateel  parts  11 -incb  rifle  from  15-iach  smootfa-bore  Hodman  gun. 

CLA.88  II. 

4  carriages  sod  Hid  bars  for  Hotcbbias  revolving  cannon,  caliber 
1.5  inch. 

1  npper  carriage  and  chassis  for  12-inch  breecb-loading  cham- 
bered howits^r. 

Class  III. 

50  breech  sights. 
100  panlins,  12  hj  15  feet. 
12  woolen  sponges,  3-inch  rifle. 

1  vent  piece. 

2  pendnlnm  hausse  poaches. 
6  scrapers. 

4  sets  of  implements  for  Hotchkiss  revolving  cannon. 
2  sets  of  implements  for  Gatling  gan,  caliber  .45. 
2  loading  machines  for  Hotchkiss  mountain  gun. 

Class  IV. 

45  lO-inch  Bntler  cored  shot. 
600  8-inch  Butler  cored  shot. 
50  8-inch  Butler  muzzle-loading  shot. 
104  11-inch  Hotchkiss  breech -1  catling  shot. 
25  8-incIi  Hotchkiss  breech-loading  shot. 
20  3.20'iuch  Hotchkiss  breech-loading  shot. 
70  S-inch  Eureka  muzzle-loading  shot. 
4,000  1.5-incb  Hotchkiss  shell,  percussion  Aise. 
5,000  ronnds  Hotchkiss  ammunition. 

Class  VI. 

1, 000  Colt's  revolvers,  caliber  .45. 

20  Parker's  breech-loading  shot  guns. 
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Class  vn. 

4y  014  blankets,  cavalry,  gray. 
3,305  carry-combs. 

1  bridle. 

2  halters. 

2  halter  straps. 
104  pairs  stirmps. 
25  horse  brashes. 
6  horse  cards. 

6  hame  straps. 
65  lariats. 

1  shoti>ouch. 

1  powder  flask. 
11,584  knives. 

11, 584  forks. 
11,632  spoons. 

Class  VIU. 

70, 525  poauds  masket  powder. 
59, 700  x)oands  hexagonal  x>owder. 

1, 000  x>oands  cannon  x>owder. 
353, 000  rifle  ball  cartridges,  caliber  .45. 

500  cartridges,  Winchester  gnn,  caliber  .44. 
500  cartridges,  magazine  gan,  caliber  .45. 
1, 150, 000  cartridges,  Creedmore,  caliber  .45. 
1, 000  cartridges,  cab'ber  .55. 
6, 650  feet  safety  foze. 
850  shot-gnn  shells* 
633,250  shot-gnn  wads. 

4, 000  Berdan  caps. 
200, 000  metal  primed  caps. 
3,000  primers. 

2  boxes  primers. 
15, 750  poands  drop  shot. 

Class  IX. 
13  single  blocks. 
13  doable  blocks. 

3  policy  blocks. 

2  brass  trannion  rings. 
20  cast-iron  sheaves. 

5, 174  marksmen's  battons. 
1  chronograph. 

Class  X. 

210  parts  of  artillery  harness. 
27  carb-bits. 

3  firing  pins.  Catling  gnn. 
50  11-inch  Hotchkiss  sabots. 
55  10-inch  Batler  sabots. 

127  8-inch  Batler  sabots. 
12  8-inch  Hotchkiss  sabots. 
5  screw  pings. 

7  saddle  trees. 

344  Hotchkiss  stocks. 
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35  Hotchkiss  horn  tips. 
75  spokes. 

25  felloes. 

130  assorted  stocks. 
250  wiping  rods. 
24  cleaniDg  rods,  shot-gan. 
3, 014, 290  Winchester  cartridge  primers. 

4, 000  cartridge  cases,  Hotchkiss  revolviug  cannon,  1.5  inch. 
4, 000, 000  primed  caps. 

2^  parts  of  revolvers, 
200  parts  of  shot-gnns. 

MiSOELLAKEOUS. 

85j  yards  bnnting. 
211    yards  burlaps. 
2    yanls  blue  serge. 
3,  794    yards  binding  braid. 
9S4    pieces  binding  braid. 

1     gross  buttons. 
642    yards  cotton  cloth. 
1,079^  yards  enameled  clotta. 
24^  yards  oil  cloth. 
24    yards  rubber  cloth. 
68S  yards  wool  cloth. 
00|  yards  petersham  cloth. 
2|  pieces  green  cloth. 

1  piece  rubber  cloth. 
77i  yards  carpeting. 

17, 345^  yards  cotton  duck. 

2  ponnds  cotton  batting. 
11     gross  cotton  web. 

6, 951 J  ponnds  cotton  waste. 
57     square  yards  cotton  dock. 

26  yards  cotton  cord. 
332     ponnds  sash  cord. 

18    pieces  sash  cord. 
730^  potmds  hair  cord. 

49    pounds  assorted  cord. 
8    pounds  "clare  fiber." 
245^  yards  wool  flannel. 
160f  yards  canton  flannel. 

8  yards  hollands. 
986    yards  felt  cloth. 

9  ponnds  moss. 
467    yards  matting. 

45    pounds  marline. 
10    yards  moalln. 
200    pounds  iztle. 
60    pounds  oakum. 
1}  ponnds  cotton  rope. 
38, 351^  pounds  manila  rope. 
148    pounds  hemp  rope. 
820    pounds  hnir  rope. 
22    pounds  tarred  rope. 
2    bales  oakam. 
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30^  pounds  sewing  silk. 

3  spools  sewing  silk. 

35  pounds  sheepskin  clippings. 

100  feet  steam-pipe  covering. 

100  pounds  tow. 

1  yard  ticking. 
1, 538  pounds  thread. 

42    spools  thread. 

9    balls  twine. 

572J  xK>nnd8  twine. 

10  yards  velvet. 

2  yards  velveteen. 
4, 257^  yards  webbing. 
6;  482    pieces  webbing. 

11  pounds  woolen  yarn. 
10    window  curtains. 

6    window  shades. 
87    pounds  hair  thread. 
2, 224J  yards  cotton  twills. 
12, 614    xx>u^ds  barley. 
24, 341    pounds  bran. 
1, 542f  bushels  com. 

170    bushels  com  meal. 
28, 145    pounds  com  meal. 
16|  bushels  grass  seed. 
271, 688^  pounds  hay. 
22|  tons  hay. 
4, 882|  bushels  oats. 
51, 387|  pounds  oats. 
23    barrels  flour. 
9, 520    XK)unds  ground  feed. 
50    pounds  oil  meal. 
]  22    barrels  salt. 
13f  bushels  salt. 
275    pounds  salt 

1  sack  salt. 

50    pounds  rock  salt. 
62, 527^  pounds  straw. 

25    pounds  babbit  metal. 

12  buckets  for  chain  pump. 

2  box  scrapers. 
792    back  flaps. 

25    wash-basins,  iron. 
473    blind  and  window  fasteners. 
283    window  and  door  bolts. 
1, 500    pounds  iron  bolts. 
6,865    iron  bolts. 

23    pounds  bolts  and  nuts. 
8    iron  boilers. 
228    papers  brads  and  nails. 
5, 170^  pounds  sheet  brass. 
1    piece  sheet  brass. 
78^  pounds  brass  rods. 
2, 199|  pounds  brass  castings. 
6    electric  buttons. 
114, 673    pounds  iron  castings. 
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30    iroD  castings. 
259^  pouads  compositioD  casting. 
1     casting. 
72    casters. 
66    catcbes,  assorted. 
46    clamps,  assorted. 
297    feet  chain. 
3,306J     pounds  chain. 
192    pieces  chain. 
104    cocks,  assorted. 
382}  pounds  bar  copper. 
146, 494^  pounds  sheet  copper. 
62|  ponnde  copper  pipe. 
22    chest  handles, 
lis    couplings  for  pipe. 
17    conplings  for  hose. 
16    iron  doors. 
150    door  knobs. 
57    door  springs. 
16    door  fixtures. 
54    cscutchione. 
187    pounds  escutchion  pins. 
1, 967    elbows,  &c.,  for  pipes. 
48    eyelets. 
24  pounds  ears  for  kettles. 
132    ears  for  kettles. 
H  pounds  gas  fittings. 
79    gas  fittings. 

1  gas  retort. 
271J  feet  gas  pipe. 

2  papers  glaziers'  points. 
9    sets  grate  bars. 

447    pounds  grate  bars. 
7^  pounds  German  silver. 
48    penny^Tcights  gold. 
1     pack  gold  leaf 
1    globe  ventilator, 
8    gauge  glasses. 
4, 170    horseshoes. 
1,  801}  pounds  horseshoes. 
4    kegs  horseshoes. 
1    hydrant. 
1, 580    pairs  hinges. 
2, 307    hooks,  assorted. 
799    hooks  and  eyes. 
12    binge  plates. 
53    hinge  hasps. 
6    hasps  and  staples. 
1     hanger  frame. 
1,  412^  pounds  iron  shafting. 
211    pounds  iron  staples. 
1, 187, 966    pounds  iron,  beam. 

173    pounds  iron,  channel. 
250    pounds  iron,  angle. 
242    pounds  iron,  T. 
6, 010    iron  halter  squares. 
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144 

iron  screw  eyes. 

6 

iron  washers. 

7(U  ponndH  iron  washers. 

39 

poands  iron  borrs. 

71,460} 

poands  iron,  bar. 

11, 172|  poands  iron,  sheet. 

30 

iron  braces. 

6,628 

poands  iron  nnts. 

317 

iron  nnts. 

98 

iron  pnlleys. 

12,821 

poands  iron  pipe. 

8, 418|^  feet  iron  pipe. 

5,317 

poands  iron,  hoop. 

2,137 

iron  rings. 

70 

iron  rollers. 

15,126 

iron  bnckles. 

1 

iron  sheave. 

1 

set  iron  capstan  screws. 

1, 104^  poonds  iron,  galvanized. 

2 

iron  tanks. 

2 

iron  hitching  posts. 

1,800 

feet  iron  rope. 

4,695 

poands  iron,  plate. 

25 

tons  iron.  pig. 
iron  kettle. 

1 

46 

drawer  knobs. 

3 

keys. 

128 

keys  and  blanks. 

748 

locks. 

233^  poands  lead,  scrap. 

1993^  poands  lead,  sheet. 

4,228 

poands  lead,  pipe. 

16 

lead  S  traps. 

10 

sheets  micai 

i  poand  mica. 

40,591 

poands  nails. 

8 

gross  saddlers' nails. 

4 

papers  japanned  nails. 

36 

carriage  nails. 

1 

Are  plog. 

254 

plags,  assorted. 

5 

pinions. 

3 

pamps. 

3 

fire  pots. 

9 

plane  irons. 

24 

rings  and  staples. 

76,833 

rivets. 

189^  I)oands  rivets. 

2,355 

poands  rivets  and  borrs. 

329 

radiators. 

3,384 

feet  safety  chain. 

4 

spiral  springs. 

12 

spring  catches. 

16 

springs  and  fixtares. 

1,380 

feet  steam  pipe. 

1 

steam  whistle. 
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3    steam  boiler  connectiODS. 

2  ounces  ailver  solder. 

1  cast-iron  socket. 
10    shaft-bangers. 

144  staples. 

12  screw-caps. 

85  pennyweights  silver. 

7  steel  plates. 

5  sets  steel  dies. 

•6, 915^  pounds  st«el,  bar. 
7, 581^  pounds  Bt«el,  sheet. 

3  Bteel  pins. 

1, 129  pounds  steel  forging. 
8, 166^  ponnds  steel,  cast. 

2, 010  pounds  steel,  plate. 

392  pounds  steel,  spring. 

1, 203  ponnds  steel,  machine. 

582  pounds  steel  asles. 

7  steel  disks. 

-440,235  pounds  steel,  gnu. 

20  snaps. 

2  spar  wheels. 
3, 485^  gross  screws. 

i,  977    screws. 
2, 709    pounds  spikes. 
304^  pounds  solder. 

6  gross  screw  tops  for  cans. 
242j  pounds  swivels. 

286J-  gross  screw  pins. 
20    shade  flxtnres. 

1  set  stair  rods. 

2  ponnds  blind  staples. 

4  wagon  springs. 

69^  pounds  wagons  springs. 
100^  pounds  brass  tubing.  • 

15    feet  assorted  tubing. 
20^  pounds  assorted  tubing. 
14i  pounds  type. 
726, 000    iron  tecks. 

235    pounds  iron  tacks. 
08    ponnds  copper  tacks. 
6, 170    copper  tacks. 

84    papers  copper  tacks. 
31, 627    pounds  block  tin. 
221    boxes  sheet  tin. 
148    pounds  sheet  tin. 
68    sheeta  tin. 
135     ponnds  tin-foil. 
535    papers  tacks. 
2    iron  tail  gates. 
55    thumb- latches. 
4,056    valves,  &c. 

1    pound  Uerman  silver  wire. 
1,0963  feet  wire  cloth. 
690^  sffuare  yards  wire  clotb. 
747|  square  feet  wire  gauze. 
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424    feet  wire  uettiug. 
10, 071    pounds  brass  wire. 
1, 918    feet  brass  wire. 
7, 902f  pounds  copper  wire. 

200    feet  copper  wire. 

209    feet  platinum  wire. 

627f  pounds  steel  wire. 
7,61l|  pounds  iron  wire. 

1. 000  feet  covered  wire. 
21J    pounds  covered  wire. 

20|  pounds  Birmingham  music  wire. 
1 ,  895    pounds  barbed  wire. 
3, 352    feet  wire  rope. 
150    feet  wire  cord. 

1  coil  wire. 

2  sheets  zinc. 
1, 752^  pounds  zinc. 

12  window  fixtures. 
11    pipe  fixtures. 

4    iron  sinks. 
240    gas  fixtures. 
15    water  closets. 
67    water  closet  fixtures. 
4    gas  meters. 
22, 748    square  feet  leather,  bag. 
7, 976|  square  feet  leather,  bellows. 
4, 720|  feet  leather  belting. 
961 1  square  feet  leather,  bridle. 

1. 001  sides  leather,  bridle. 

13  pounds  leather,  bridle. 
138f  square  feet  leather,  russet. 

3  sides  leather,  russet. 

97, 919f  square  feet  leather,  collar. 
53, 230|  pounds  leather,  harness. 

3  sides  leather,  havness. 
73    sides  leather,  lace. 

4|  pounds  leather,  lace. 
36    leather  lacings. 
3,' 218^  pounds  leather,  nose-bag. 
13    sides  leather,  alum-tanned. 

4  square  feet  leather,  oak-tanned. 
36J  pounds  leather,  sole. 

4    square  feet  leather,  sole. 
24  sides  leather,  sole. 
116    square  feet  leather,  top. 
24J  pounds  leather,  walrus. 
6, 972    balls  black  wax. 

81    quarts  blacking  for  leather. 
2    pounds  black  wax. 
1    piece  rawhide. 
49^  feet  rubber  belting. 
1    goat-skin. 
7    sheepskins. 
600    feet  rawhide  lading. 
4    yards  head  lining. 
2, 172    feet  hose. 
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1, 018  pounds  Ukatka  bristles. 

800  feet  belt  laciug. 

3,210^  feet  leather,  collar. 

16L  square  feet  leather,  alum-taaiied. 

771,938  feet  boards. 

110  pieces  board. 

1.175  l>atteiis. 
10,521  feet  bntteaa. 
21, 224  fe«t  lathes. 
10, 212  lathes. 

3, 58S  feet  posts. 

1,048  feet  posts  and  piles. 

150  rails. 

200  pickets. 

213, 800j  feet  plaok. 

88  pounds  rosewood. 

398,850  shingles. 

127,  10:J  feet  scautliug. 

180,403  feet  timber. 

090  feet  weather  strips. 

10  pounds  alabastine. 

776, 264  bricks. 

19, 118^  square  feet  bricks. 

50  brackets. 

4.176  barrels  cement. 


8  chimney  crocks. 

6  barrels  calcined  plaster. 
177    feet  cement  pipe. 

9  columns. 
.56    doors. 

1    door  frame. 

7  elbows  for  drain  pipe. 
04    barrels  flre-claj'. 

10    bushels  fire-clay. 
.30    sets  fire  brick. 

4  sets  fixtures  for  blinds. 

5  bushels  fire-sand. 
100^  loads  gravel. 

45    boxes  glass. 
1, 641    lights  glass. 

7^  square  feet  glass. 
1,522    feet  glass. 
1,063^  feet  gutters,  &c. 
321     pounds  plastering  hair. 

8  bushels  plastering  hair. 
12, 369    sqnare  feet  iron  roof. 

386    loads  loam. 
1,820^  barrels  lime. 
919|  bushels  lime. 
4, 538j  feet  moldiags. 
291     pounds  tarred  paper. 
20    rolls  tarred  sheathing  paper. 
248    rolls  wall  paper. 
314    yards  bordering  paper. 
-50    pounds  plaster  of  Paris. 
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114^  barrels  plaster  of  Paris. 
182    feet  sewer  pipe. 

IJ  bushels  plaster  of  Paris. 
88    loads  rocks. 
28    rolls  roofing  felt. 
5, 187    slates. 
836    square  feet  slates. 
692    sewer  pipes,  &c. 
50    barrels  shells. 
704    barrels  sand. 
1, 313^  cubic  yards  sand. 

25    loads  sand. 
.3^  867    pounds  sand. 
30    sacks  sand. 

1  ton  sand. 

17, 407^  square  feet  stone  flagging. 

62  fire-clay  tiles. 

59  yards  terra-cotta  pipe,  &c. 

12  terra-cotta  pipes. 

16  setB  window-blinds. 

Ill  window-sash. 

81  window- shutters. 

16  window-frames. 

43  window-blinds. 

14  spokes. 

295  tons  stone. 

2  barrels  kaolin. 

2, 716f  cubic  yards  stone. 

30    feet  earth  elbows  and  pipe. 
110    firebrick. 
2|  pounds  asbestos  packing. 
37    pounds  asbestos  paper. 

1  gallon  browning  mixture. 
1, 021    brooms. 

61    dust  brushes. 

47    brushes,  assorted. 

5  basins. 

14    buckets  and  pails. 
1, 102-2^4%  tons  bituminous  coal. 
2, 356, 425  pounds  bituminous  coal. 
1, 187^4^^  tons  anthracite  coal. 
1, 280, 001    pounds  anthracite  coal. 
24,  780    pounds  gas  coal. 
105    tons  coke. 
19    bushels  coke. 

10    sacks  charcoal.  * 

179    barrels  charcoal. 
30, 539^  bushels  charcoal. 
124    chamois  skins. 

2  quires  crocus  cloth. 
530    pounds  corundum. 

159    square  feet  card-clothing. 
30  sheets  card-clothing. 
262    pounds  candles. 

6  carats  diamond  powder. 
3, 029    pounds  emery. 
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0  reams  euierv  clotb. 
362    quires  emery  cloth. 

50    quires  emery  paper. 

2  furuaces. 

53  furnace  ftxtiiri's. 
18    fire  grate.*. 

3  flre-pots. 
140^  (K>rdH  wood. 

1  tire-back. 

54  fixtures,  assorted. 
32, 033    i>ounds  grouud  boue. 

184    pounds  ground  glass. 

4  gas  ovens. 

7, 406J  gallons  gasuliiie. 
395    feet  hair  felt. 

2  quart.>4  hame-ss  [wlisb. 

3  lamps. 

190  lamp  cliinmeys. 

IS  lamp  fixtures. 

69  balls  lamp-wick^. 

60  laDip'Wicks. 

44  pounds  lamp-wicks. 

50  lanterns. 

47  tamp-shades. 

22  lamp-buruera. 

2SJ  gross  matches. 

a  cases  matches. 

5  mats. 

516     pounds  mineral  facings. 
720     pounds  machine  facings. 
524|  gallons  naphtha. 
25     gallons  astral  oil. 

1     gallon  polishing  oil. 
32     pounds  pumice  stone. 
52-^  gallons  parafflne. 
35     pounds  paraffine. 
25    pounds  quartz. 
5     ranges. 
9    registers. 
5     register  fixtures. 
950    poands  rotten-stone. 
18    stoves. 
81    stove  fixtures. 
30    feet  stove-pipe. 
10    i>ieces  stove-pipe. 
38J  pounds  stove-pipe. 
150    quires  sand- paper. 

61  reams  sand  paper. 
25^  barrels  soap. 

3,081J  pounds  soap. 
1    box  soap. 
61     cakes  apaj). 
195^  pounds  sponge. 

3  pieces  sponge. 

75    barrels  sea-coal  lacings. 

4  tons  sea-coal  facings. 

3   OBD 
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28  papers  stove-polish. 

27  pouuds  stove-polish. 
2J  quarts  silver  polish. 
4  pounds  spermaceti. 

181  papers  tripoli. 

6  torch  lighters. 

1  tile  hearth. 
4  ventilators. 

3  gallons  water-proof  polish. 
168J  pounds  whiting. 

137  bath-bricks. 

45  emery  wheels. 

122  blank  books. 

23  books. 

84  sheets  bristol  board. 

79  pounds  binder's  board. 

4  blotting  pads. 

2  blotter  baths. 
750  blank  slips. 

2  blue  tapes  for  stamps. 

1  brush  for  press. 

18  baskets. 

1  book-case. 

1  gross  crayons. 

1  box  crayons. 

3, 025  sheets  card-board. 

7, 100  cards,  assorted. 

1  callbell. 

12  camel-hair  pencils. 

29  chairs. 

28  cocoa  mats. 

162  pounds  composition. 

4  clocks. 

2  pans  drawing  paint. 
4  de^ks. 

1  box  draughting  paint. 

12  draughtsman's  materials. 

83, 100  envelopes. 

14  boxes  eyelets. 

40  erasers. 

4  electrotype  plates. 

2  figures. 

3  sets  figures. 
200  goose-quills. 

2  cans  hektograph  filling. 
128J  quarts  black  ink. 

125"  bottles  red  ink. 

10  sticks  india  ink. 

()37  pounds  printing  ink. 

1  bottle  hektograph  ink. 

G  bottles  drawing  ink. 

3  bottles  ink  for  stamps. 
26  inkstands. 

6  bottles  ink-eraser. 

1  invoice  file. 

1  letter-press. 
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2, 170  lend  pencils. 

IS  leads  for  peiii^ils. 

6,  'wO  labels. 

2,  ni  letters. 

y  sets  letters. 

1  looking-glaKR. 
41^  quarts  iniicilajre. 

$  mucilage  stands. 

1-  tnemoraiida  blocks. 

2  maps. 

2  Iwttles  ox  gaWii. 

iOO  sheets  oil -boards. 
327^  reams  writing- paper. 

92  quires  blotting  paper. 

18  sheets  blotting  paper. 
IHJ  reams  wrapping  paper. 

25  sheets  oil  i)aper. 

143  pounds  drawing  paper. 

2  rolls  drawing  paper. 
66  sheets  drawing  paper. 

28,622  ]K)Uuds  Manila  paper. 

3  gross  paper  fasteners. 
500  paper-fasteners. 

18  boxes  pai>er  fasteners. 

2, 000  paper  dials. 

1,  400  sheets  ruled  paper. 

5  paper  cutters. 
75  paper  bags. 

6  sheets  tracing  paper. 

2  lien  racks. 

6  paper  weights. 

12  indelible  pencils. 

426  pounds  petroleum  paper. 

4  pitchers,  basins,  &c. 

25  sheets  albumenized  paper. 

4  reams  envelope  paper, 
1  box  pins. 

3  pouudB  pins. 
119  gross  pens. 
180  penholders. 

1  gross  pencil-point  protectors. 
24  pencil  8hari>eners. 

SIJ  gross  rubber  bands. 

2  pounds  erasing  robber. 
73  indi  a  rubbers. 

7, 062  yards  red  tape. 

2  ribbons  for  type-writer. 

2  pounds  red  tape. 

5  spools  red  lai>e. 

1  ribbon  for  stump, 

3  mlers,    , 

68  stencil  boanls. 

197ij  jKtunds  sealing  wax. 

3  stamp  pads. 

IS  s|>oDge  cups. 

50  yards  silk  tape. 
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4    jiairs  shears. 

1     quire  shipping;  receipts. 

1  slateograph. 

4  boxes  seals. 

5  spittoons. 

2  slop  pails. 

2  scale  guards. 

174    yards  tracing  cloth. 

3  rolls  tracing  cloth. 

49  gross  thumb-tacks. 
24    thumb-tacks. 

10, 400  tags,  assorted. 

1  piece  tracing  cloth. 

12  tablets. 

1  table. 

2  boxes  wafers. 

2  water  coolers. 
1    wash-stand. 

19, 600  blank  forms. 

144  sheets  paper  for  blotter  bath. 

1, 551  pounds  wrapping  paper. 

3  reams  hektograph  paper. 

4  stamps. 

G254  gallons  alcohol. 
15^  pounds  alum. 
I  pound  arnica. 
3    pounds  arnica  flowers. 
33    pounds  antimony. 
9, 409    i>ounds  sulphuric  acid. 
15J  gallons  carbolic  acid. 
127|  pounds  muriatic  acid. 
l|  gallons  muriatic  acid. 
1    jar  muriatic  acid. 
1    jar  sulphuric  acid. 
J  gallon  nitric  acid. 
1, 783    pounds  nitric  acid, 
i  pound  salicylic  acid. 
1    pound  oxalic  acid. 

50  pounds  ammoniated  copi)cr. 
262    pounds  aqua  ammonia. 

1    gallon  arnica  tincture. 

1  barometer. 

2  wooden  bowls. 

1     box  browning  material. 
SS^  pounds  borax. 
54    jKanids  bichromate  of  potash. 
144.J  pounds  beeswax. 
4|  reams  black  pai^er. 
7    quarts  browninj:. 
()    bottles. 
1     bell  Jar. 
1 17, 964     pounds  bone. 
124     pounds  chalk. 
oO     galvanic  battery  eells. 
112    pounds  camphor. 
356    pounds  chlorate  of  i)Otash. 
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12  poiintls  of  coiiceiitratetl  lye. 

73  caiis  conwiitratetl  lye. 

G  iK>uDda  cnrboiiate  of  iron. 

•  G  poQDds  chloride  of  calcium. 

i^  pounds  collodion. 

aj.  pound  cobalt  carbonate. 

106^  gross  corks. 

6  pounds  coriiisive  Hubliniato. 
8  carboys. 

20  ]>oau<t.-4  carbonate  of  lime. 

1  pound  cyanide  potash. 

1  pair  crni'ible  tongs. 

:i  square  feet  copper  gaiue. 

1  copper  vcs.sel. 
12  porous  cnps. 

230  pounds  chloride  of  lime. 

25  pounds  corundam. 

11  pounds  assorted  clienn'cals. 

12  bottles  dry  gold. 

573  poiuids  electropian  duid. 

22  rolls  fcrroprussiate  paper. 

M  pounds  flax-seed  meal. 

2«J  poiuidii  glycerine. 

I  gallon  glycerine. 

!,905^  iwnnds  gine. 

240  pounds  gura  arable. 

152  )>oun<)s  giini  dextrine. 

30^  jiounds  gum  tragacanth. 

2  glass  tubes. 

7  pounds  Glauber  salts. 

1  package  liorse  i>owders. 
10  bottles  bors(>  medicine. 

2  Jars. 

1  bottle  liuiment. 

6  lead-meltiog  pots. 

3  pounds  lard. 

5  poundfi  mercury. 

3  i>oonds  muriate  of  iron. 

^  gallon  molasses. 

122  pounds  nitrate  of  strontia. 

I**  pound  nickel  oxide. 

G  ounces  nitrate  of  nickel. 

^  gallon  oil  of  tar. 

3  pounds  prussiate  of  potash. 
15  i>ounds  pro  to  sulphate  of  iron. 
32  pounds  pepper. 

2  barrels  pitch. 

10  pounds  potassiUDi. 

2  rolls  photographic  paper. 

,  995  pounds  potash. 

24  cane  potash. 

4  potash  bulbs. 

6  balls  potash. 

2  platinum  cxines. 

1  platinum  bottle. 

1  platinum  boat. 
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1  ]>latiiium  crucible. 

8  inches  platinum  wire. 

30  ;;rains  platinum  scrap. 

2  retorts. 

60  rubber  stoppers. 

21  feet  rubber  tubing. 

92  pounds  sal  ammoniac. 

6o6  pounds  sulphate  of  copper. 

74  pounds  spirits  of  niter. 

12  ]>ouuds  saltpeter. 

50  2)ounds  soda. 

6, 177  pounds  sal-soda. 

28  i)ounds  sulphur. 

28, 530  |>ounds  strawboards. 

2  bundles  straw-boards. 

2  ounces  sulphuric  ether. 
J  6  gallons  sirup. 

279  pounds  silicate  of  soda. 

200  pounds  sulphate  of  iron. 

100  i)Ounds  soda  ash. 

100  i)ounds  sugar  of  lead. 

6  gallons  tar. 

20  pounds  tobacco. 

3  pound  tin  tarter. 

498  gallons  turpentine. 

2, 533  pounds  tallow. 

48  test  tubes. 

3  i)ounds  tubing.  ' 

2  pounds  Venice  turpentine. 

i  l>ouud  tincture  iodine. 

8  thermometers. 

16  gallons  vinegar. 

1  vacuum  pump  and  blast. 

1  bottle  vaseline. 
30J  gallons  whisky. 

1, 589  i)ouuds  Japan  wax. 

12  zincs. 

59  gallons  glue. 

46  barrels  coal  tar. 

2  iK)uuds  chloride  of  ammoniuu). 
2  ounces  ointment. 

8  bath-tubs. 

14  bath-tub  tixtuivs. 

100  pounds  powdereil  charct^al. 

208  gallons  benzine. 

71  i>ouDds  burnt  sienna. 

253  |>ounds  burnt  umber. 

59  i>ounds  chrome  green. 

148  ]>ounds  chrome  yellow. 

24  barrels  coal-tar. 

2  gallons  c*oal-tar. 

461  pounds  copperas. 

15  quarts  cosmoline. 
136^  gallons  Japan  drier. 
161  pounds  black  drop. 

27  pounds  extract  of  logwood. 
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760  jiuiiuds  FrcncU  yellow. 

100  pounds  machine  grease. 

37  pounds  ivory  black. 

732J  iK>unds  lampblack. 

040  pounds  red  lead. 

25, 792  pounds  wbite  lea<l. 

44  poun<U  black  It-ad. 

421i  pounds  litliarge. 

2  ounces  liqnid  gold. 

4  ounces  liqnid  ^old  lacker. 
T  pounds  nut -galls. 

51  gallons  napbtha. 
726^  galtonn  kert>seue  oil. 

3, 02S|  gallons  linseed  oil. 

2, 738|  gallons  lard  oil. 

399  gallons  machine  oil. 
I6O3  gallons  neat's-foot  oil, 
102  gallons  olire  oil. 

2,  894J  gallons  sperm  oil. 
165  gallonfe  cod-liver  oil 
13^  gallons  «astor  oil. 
257^  gallons  clami  oil. 
152  gallons  coal  oil. 
42  gallons  astral  oil. 
2    bottles  clock  oil. 

0  gallons  wool  oil. 

50^  gallons  cosmuliue  oil. 

53     gallons  headlight  oil. 

40    gallons  mineral  oil. 
8, 118^  pounds  metallic  paint. 
2,025    pounds  olive  paint. 
1,  099    pounds  black  paint. 

34|  jwunds  brown  paint. 
1,  577§  pounds  red  paint. 

87    pountls  green  paint. 

52  gallons  green  paint. 
4^  gallons  lithogen  paint. 
3^  gallons  metallic  paint. 

400  i>onnds  mineral  paint. 
302    pounds  lead-color  paint. 

6  gallons  assorted  paints. 
I,  O655  poiuids  assorted  paints. 

18  pans  ascorted  paints. 

7  bottles  assorted  paints. 
140  gallons  fireproof  paint. 

5  gallons  copper  paint. 

14  [tounds  Paris  green. 
23^  pounds  Prussian  blue. 

1  gallon  pine-tar. 
268^  pounds  putty. 

15  barrels  pitch. 
80  ponnds  rosin. 
50  ponnds  rouge. 

2  pounds  red  chalk. 
490  pounds  shellac. 

i)    gallons  shellac. 
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9  gallons  turpentine. 

128  pounds  Venetian  red. 

30J  pounds  vermilion. 

110  gallons  copal  varnish. 

13^  gallons  coach  varnish. 

174  gallons  Japan  varnish. 

1  gallon  varnish,  patent  drier. 

2  gallons  asphalt  varnish. 
125|  gallons  assorted  varnish. 

2,  270  pounds  whiting. 

1,328  pounds  gilder's  whiting, 

6J  pounds  wax. 

2,  730  pounds  yellow  ocher. 

200  pounds  zinc. 

50  gallons  valsoline. 

170  pounds  kalsomine. 

16  packs  kalsomine. 

422  pounds  Paris  white. 

5  gallons  asphaltum. 
1  barrel  rosin. 

6  awnings. 
6  axlee. 

157  packing  boxes. 

14, 501  tin  boxes. 

406  barrels. 

1  boat  sail. 

1  boat  cushion. 
433  brushes,  assorted. 

2  gross  buttons. 
23  baskets. 

3  bells. 

8  bowls,  pitchers,  &c. 

109  buckets,  pails,  &c. 

26  tin  cans. 

1  drinking  cup. 

6  powder  canisters. 

12  cuspidors. 

1  clock. 

5  carriage  fixtures. 

2  chair  bottoms. 
1  coal  screen. 

1  diaphragm  ring. 

1  drag. 

5, 000  dials  for  watch  clock. 

1  pair  drum  sticks. 

1  flag. 

6  flower  i}ots. 

448  pounds  wheel  grease. 

48  boxes  wheel  grease. 

260  pounds  gutta  percha. 

8  gum  gaskets. 

6  sets  post  harness. 

5  gross  clothes  hooks. 

8  horses. 

36  harness  pegs. 

2  horse  aprons. 
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2  horse  iKwts. 

5  pounds  liemp  packing. 

4  hose  reels. 
6,661  pounds  ice. 

40  insulators  and  brackets. 
33&I  pounds  assorted  joint  packing. 

38  jars,  jugs,  &c. 

2  jackets, 

4,441^  pounds  Japan  was. 

100  kegs. 

19  lawn  sprinklers. 

1  leather  seat  for  Bleigb. 

1  set  letters. 

100  copies  of  newspapers. 

5  pair  oars. 

2  pair  overalls. 

3  oil-stoue  slips. 

2  permanent  plants. 

7  pnmps. 

14  pump  fixtures. 

2  paper  tiles. 

1  pressure  blower. 

60  parts  of  mowing  machine. 

196  parts  of  harness. 

115  parts  of  wagons. 

23  parts  of  engines. 
25  white-oak  rollers. 

3  yards  rubber  packing. 
1  font  rubber  type. 

44  pounds  rubber  car-springs, 

1  rubber  coat. 

33  rubber  springs. 
tV  pound  rubber  tubing. 

1,088  feet  rubber  tubing. 

22  pair  rubber  boots  and  shoes. 

36,934  pounds  rubber  packing. 

r  rolls  ribbon, 

10  rollers  for  press. 

4  skiffs. 

5  yards  si>onge-head  material. 
150  8- inch  sponge  leaves. 

1  set  scales. 

24  saucers. 
4  sieves. 

2  loads  saw-dust. 
81  barrels  sawdust. 

2  screens. 

1  string  sleigh-bells. 

10  stencils  and  plates. 

28  pair  slippers. 

41  stamps. 

1  scale  and  weights. 
12  telephone  cords. 

12  telephone  connections. 

2,377  trees,  shrubs,  &c. 

2  string!§  trotting  balls. 
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G  wagons. 
91  wheels. 
9  watering-pots. 

5  wood  cuts. 

11  whips. 

12  whip-soekets. 
1  water-filter. 

1  leather  satchel. 

1  steam  launch. 

2  scratch  brushes. 
1  flue  scraper. 

1  blasting  machine. 

2  boring  machines. 
1  crushing  machine. 
1  corn  sheller. 

1  drilling  machine. 
1  double-chain  hoist. 

6  electrotypes. 

1  engineer's  transit. 

2  engine  lathes. 
1  enumerator. 

1  face  plate. 
1  force  pump. 
1  feed  cutter. 
1  flue  cleaner. 
1  incline  press. 

1  instrument  for  measuring  elongation. 

2  lathe  chucks.         • 

1  mason's  hygrometer. 

2  magnetic  call  boxes. 

2  objectives  for  microscope. 
1  specific  gravity  apparatus. 

3  paint  mills. 
1  scroll  chuck. 
1  steam  pump. 

1  stalk  cutter. 

2  sewing  machines. 
1  windmill. 

1  mortising  machine. 
1  grinding  machine. 

3  lathes. 

6  milling  machines. 
1  cooler  and  heater. 

1  cartridge  shell  reloader. 

7  hydraulic  jacks. 

1  Lyons'  handshears. 
1  mold  for  forming  leather  packings. 
64  parts  of  mowers. 
1  pound,  part  of  mower. 
1  primer  loading  press. 
1  primer  capping  press. 
1  charging  machine. 
1  varnishing  machine. 
1  steam  boiler. 

1  traveling  crane. 

2  anvils. 


Appendix   3. 

Statement  of  ordnance^  ordnance  stores^  etc.,  issued  to  the  military  estahlish 
mentj  exclusive  of  the  militia^  during  the  fiscal  year  ended  Jnne  30, 1882. 

Class  I. 

2  Gardner  guns,  caliber  .45. 

4  Oatling  guns,  caliber  .45, 10  long  barrels. 
4  Galling  guns,  caliber  .45,  5  short  barrels. 

7  Hotchkiss  revolving  guns,  caliber  1.5  incb. 

3  Hotchkiss  mountain  guns,  caliber  1.65  incb. 

1  6-pounder  bronze  gun. 
6  3-inch  rifled  guns. 

2  heavy  12-poundcr  guns. 

4  30-pounder  Parrott  guns. 
4  4.6-inch  siege  guns. 

1  8-inch  converted  rifled  gun. 

3  8-inch  siege  howitzers. 

2  24  pounder  Cohorn  mortars. 

1  8-inch  siege  mortar. 

2  lOinch  siege  mortars. 

Class  II. 

9  Gatling  gun  carriages. 

2  1.5-inch  Hotchkiss  revolving  gun  carriages. 

8  1.6.5inch  Hotchkiss  mountain-gun  carriages. 
16  6-pounder  3-inch  and  10-pounder  gun  carriages. 
11  light  12-pounder  gun  carriages. 

6  4.5 -inch  siege-gun  carriages. 

1  8-inch  converted-gun  carriage  and  chassis. 

3  8-inch  siege-howitzer  carriages. 

1  8-inch  siege-mortar  bed,  iron. 

2  10-inch  siege-mortar  beds,  iron. 

8  3-inch  gun  caissons. 

1  Laidley  cavalry  forge  cart. 

9  portable  cavalry  forges. 

2  tripods  for  Gatling  gun. 

1  mortar  wagon. 

Class  III. 
9  budge  barrels. 

2  elevating  bars  for  mortar. 
2  rear  eccentric  axle  bars. 

2  maneuvering  bars. 
1  friction  clamp  bar,  long. 
11  baskets  for  mortar  implements. 
1  dredging  box. 
6  iron  sponge  buckets, 

4  wooden  sponge  buckets. 
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8  iron  tar  Imckots. 
35  water  buckets. 
37  wateriug  buckets. 

'J  breecli  siftbts,  1.65-incb  Hotvbkifls  gnu. 

4  breecli  »i^ht>t,  4.5-iucb  Biege  guns. 

2  hreetib  Higlitjs,  Shich  howitzei. 
100  faking  ImxeK. 

1  (use  a  tiger. 

i  fuse  blockN. 

1  fuse  cutter. 

6  fuiw  gouges. 

11  fuse  mallets. 

9  fnse-plug  wreiicbes. 

0  fuse  isa-K». 

26  gunuem'  giuilctK. 
20  giiiiuera'  bavcrxacks. 

14  guuuerH'  piucera. 
16  guunerii'  poucbea. 

3  gunnertt'  quadrauts. 

1  gnu  Higlit  and  elevating  device,  Zalinski's. 
lis  paiiri  gimnem'  sleeves. 

16  hand.spikes,  Gatliug  gun. 
«4  maueuveriug  liaudr<)nkt'K. 
i^S  trail  bauilsiiikes. 

8  baiidspikes,  truck,  iron,  for  barbetle  carriagun. 
114  harness  .-tacks  or  bat;c<. 

5  sets  liaruess,  1  horse,  for  Ilotcbkiss  mountain  gnn. 
24  setN  baniess,  for  2  lead  horses. 

■'11  sets  harness,  for  2  wheel  horsirs. 

6  teti  baniess,  for  Laidley  cavalry  forge. 

15  tow  books. 

1  interi)olator,  for  pointing  mortars,  Pjuldock's. 

7  common  lanterns. 

4  dark  lanterns. 

15  glolie  lanterns. 
ii2  lanyar<l.s. 

2  gunners'  levels, 

.~>  muzzle  sights,  for  ]2-i>ouii(ier  monntaii'  iiowitzer. 

3  muzzle  or  front  sights. 

5  pass  bo.xes,  10-inch. 

17  pautiiis,  5  by  5  feet. 
5  |>aulins,  6  by  10  feet. 

45  paulius,  8  by  10  feet. ' 
136  paiilius,  12  by  15  feet. 
10  pendulum  hausses,  3-incb. 

2  pendulum  hi>usses,  12-ponnder. 

5  p^ndnluni  hausse  seats,  for  12-|ionndcr  mountain  howitzer 
.31  plummets. 

12  pointing  coi'ds. 

!t  pouches,  for  pendulum  bau.vsi'. 

7  sight  jwuches. 

43  priming  wires,  for  field  guns. 
20  priming  wires,  for  siege  guns. 

13  jiiiilonges. 

3  quoiiiK. 

16  rammer  i>iu|is,  8-iii<-h  converted  riHud  jr"n. 
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7  rammers  and  staves,  4.5-incb  gun. 
16  rammers  and  staves,  8-inch  converted  rifled  i?uu. 

6  scrapers  for  guns. 

16  shell  hooks,  8-inch  converted  rifled  gun. 

4  front  sights,  8-inch  rifle. 

5  rear  sights,  8  inch  rifle. 

4  rear  sights,  new  pattern. 

36  sponge  covers,  3  inch  rifled  gun. 

3  sponge  covers,  4.5-inch. 

17  sponge  covers,  8-inch  converted  rifled  gun. 

5  S)>onge  covers,  light  12pounder  gun. 
26  sponges  and  rammers,  3-inch  rifled  gun. 

13  sponges  and  rammers,  6-pounder. 

20  sponges  an'd  rammers,  12-pounder  field  gun. 

17  sponges  and  rammers,  12-pounder  mountain  howitzer. 

4  sponges  and  rammers,  8-inch  siege  howitzer. 

7  sponges  and  staves,  4.5-inch  gun. 

17  sponges  and  staves,  8-inch  converted  rifled  gun. 
2  sponges  and  staves,  10-inch  gun. 

6  sponges  and  staves,  15inch  gun. 
78  thumbstalls. 

2  tompious. 

11  tompions,  3inch  gun. 

6  tompions,  12-pounder  gun. 

6  tompions,  4.5-inch  gun. 
10  tompions,  8-inch  howitzer. 

17  tompions,  10-inch. 

3  tompions,  13-inch  howitzer. 
10  tompions,  15-inch. 

46  tube  pouches. 

18  vent  covers,  field  gun. 

14  vent  covers,  4.5-inch  gun. 

16  vent  covers,  8-inch  converted  rifled  gun. 
2  vent  covers,  8-inch  howitzers. 
30  vent  pieces. 
20  vent  punches. 

2  wiping  rods. 

8  worms  and  staves,  field  gun. 
6  worms  and  staves,  15-inch. 

IMPLEMENTS  FOR  GATLING  GUN. 

6  clamps  for  worm-gear. 

6  drifts. 
ii66  feed-cases. 

7  gun  covers. 

4  headless  shell  extractors. 

8  lock  screw-drivers. 

3  oscillators. 

6  pin  wrenches. 

8  rear  guide  nut  wrenches. 
1  .adjusting  screw-driver. 

7  small  screw-drivers. 

8  T  screw-drivers. 

8  adjusting  screw-wrenclies. 
8  shell  drivers. 
it  wiping  rods. 
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IMPLEMENTS  FOR  GARDNER  GUN. 

2  breech  casiog  covers. 
12  drifts. 
2  extractors. 

2  feed  guides. 
2  firing  pius. 

4  Sriiig-pin  spriugs. 
2  baminera. 
2  lock  wrenches. 
2  T  screw- drivers. 
2  shell  drivers. 
2  wiping  rods. 

li  sets  of  implements  for  Hotchkiss  revolving  gun. 
1  cover  for  Hotchkiss  revolving  gun,  caliber  1.50  inch. 
8  sets  of  implements  for  Hotchkiss  B.  L.  moiiutain  gun,  cali- 
ber 1.65  inch. 

Classes  IV  amd  V. 
45  3-iuch  shot. 
300  30-poander  sBot. 
224  4.5-iiich  shot. 
50  8-iticb  shot. 
50  15- inch  Aot. 
2, 300  l.CS-inch  Hotchkiss  shell. 
50  12-pounder  shell. 
25  3-inch  shell. 
247  4.5-inch  shell. 
100  24-ponnder  shell. 
109  lOOponnder  shell. 
500  S-inch  shell. 
525  10-inch  shell. 
20  13-inch  shell. 
75  15  inch  shell. 
125  3-inch  case  shot. 
50  12-pounder  canister. 
1  D-ponnder  hand  greuatle. 
3,000  shell  and  uietnllic cartridge  oases,  for  breech-loH<liQg  revolv- 
ing gun,  caliber  1.5  inch. 

Class  VI. 

112  Hotchkiss  magazine  carbines. 
1,103  Springfield  carbines. 

250  Sharps  carbines,  caliber  .50 
2, 447  Springfield  rifles. 

400  Springfield  rifles,  "cadet." 

03  Springfield  rifles,  long  range. 

10  Springiield  rifles,  officer's  model, 
1  Springfield  rifle,  caliber  ."><). 

28  Parker's  sliot-fnins. 
228  Springfield  ebot-giiiis. 
840  (.'oil's  revolvers. 

35  Schofleld,  Smith  &  Wesson  revolvers. 

10  cavalry  officers'  sabers. 

44  light  artillery  sabers. 
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744  light  cavalry  sabers. 
50  c^et  swords. 
38  musicians'  swords. 
35  K.  C.  O.  swords. 
5  staft*  and  foot  officers'  swords. 


2, 

735 

2, 

,777 

I 

93 

12 

-"J 

084 

1, 

537 

121 

2, 

475 

/ 

1, 

,059 

155 

1, 

606 

/ 

7, 

038 

1, 

045 

10, 

800 

45 

2, 

843 

2, 

414 

692 

8, 

599 

3, 

419 

8, 

667 

1, 

181 

2, 

536 

10, 

122 

7, 

694 

65 

442 

6, 

176 

25 

7, 

262 

46 

35 

10, 

509 

/ 

35 

1, 

984 

75 

210 

3, 

701 

7, 

665 

/ 

631 

605 

1, 

619 

50 

4, 

968 

«, 

892 

2, 

516 

4J 
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Class  VII. 
saber  belt«. 
saber  belt  jjlates. 
carbine  cartridge  pouches, 
carbine  holsters  and  straps, 
carbine  slings, 
carbine  sling  swivels, 
pistol  cartridge  pouches, 
pistol  holsters, 
saber  knots, 
saber  attachments, 
blanket  bags, 
clothing  bags, 
carbine  sockets  and  straps. " 
cartridge  belts, 
waist  belts. 

waist  belte  and  plates, 
cartridge  boxes, 
carrying  or  shoulder  braces, 
canteens. 

canteens  and  straps, 
meat  cans. 

canteen  corks  and  chains, 
canteen  covers, 
tin  cups, 
forks. 

sliding  frogs, 
haversacks, 
haversacks  and  straps, 
knapsacks  (Hoffman's  pattern), 
knives. 

waist  belts  and  plates,  N.  C.  O. 
waist  belt  plates,  cadet, 
cartridge  belt  plates, 
cap  pouches, 
steel  bayonet  scabbards, 
intrenching  tool  scabbards, 
trowel  bayonet  scabbards, 
gun  slings, 
spoons. 

great-coat  straps, 
blanket  or  coat  straps. 
I)airs  blanket  bag  shoulder  straps, 
brace  yokes  and  stay  straps,  pattern  1872. 
clothing  bag  straps, 
canteen  straps, 
haversack  straps, 
stay  straps, 
valises. 
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1,166  powder  caaiatera,  tin. 

417  powder  chargera,  adjustable. 
2,602  headlesa  atiell  extractors. 
1  powder  flask. 

162  ballet  molds  (4  balls). 
1  ahot  poDch. 

480  tumbler  puuches. 

634  jointed  ramrods. 

655  wiping  rods. 
3, 716  screw  driTers. 

119  spring  vises. 

261  bmsb  wipers. 

240  bmsbes  and  thongs. 
4, 580  noae  bags. 
2, 145  saddle  bags,  leather. 

192  saddle  bags,  canvas. 
4, 404  saddle  bliuikets. 
2, 867  curb  bridles. 
1,369  watering  bridles. 
4,  761  horse  brushes. 
1, 034  hair  cinchas  or  girths. 

48u  saddle  cloths. 
4, 946  enrry  combs. 

246  horse  covers, 

147  cruppers. 

500  cruppers  and  back  straps. 
6  forage  sacks. 

863  girtba. 

4.463  halters. 

4, 425  halter  straps. 
6,255  lariats. 

3. 464  Side  lines. 
881  links. 

1,903  picket  pins. 

1,339  leather  covered  saddles. 

420  Whitman  tree  saddles. 

295  carbine  sockets. 
2,891  spars. 
3,736  spar  straps. 

320  spura  and  straps.  Mills'. 
1,162  stirmpa. 
2, 373  Rtirmp  straps. 
1, 780  BBrcinglea. 

Class  VUI. 

7, 000  Gatling  gun  cartridges,  caliber  1  inch. 
5, 500  Gatling  gun  canister,  caliber  I  inch. 
656, 020  carbine  ball  cartridges. 
2, 563, 761  rifle  ball  cartridges. 

60, 000  rifle  ball  cartridges,  caliber  .50. 
216,  .'■.92  revolver  ball  cartridges. 

150  revolver  ball  cartridges,  caliber  .44. 
20, 000  machine  gun  blank  cartridges. 
313, 400  rifle  blank  cartridges. 
4  OKD 
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3, 000  rifle  blank  cartridges,  caliber  .50. 
1, 000  mnsket  blank  cartridges,  caliber  .58. 
906, 000  revolver  blank  cartridges. 

500  rifle  ball  cartridges,  caliber  .44,  "Winchester.'^ 
465, 650  pounds  round  balls. 
1, 659, 000  rifle  bullets. 

4, 000  caps  for  shot-gun  cartridges. 
471, 000  paper  wads. 
1, 645, 000  carbine  cartridge  wads. 
2, 853, 750  cartridge  primers. 

6, 050  blank  cartridges,  mountain  howitzer. 
5, 467  blank  cartridges,  ^-pound  charge. 
730  blank  cartridges^  1-pound  charge. 
22, 091  blank  cartridges,  3-inch  gun. 
4, 494  blank  cartridges,  6-pounder  gun. 
20, 943  blank  cartridges,  12-pounder  gun. 
2, 020  assorted  fuses. 
27, 389  pounds  cannon  powder. 
600  pounds  hexagonal  powder. 
500  pounds  mammoth  powder. 
16, 290  pounds  mortar  powder. 
24, 420  pounds  musket  powder. 

1, 100  electric  primers. 
148, 280  friction  primers. 

15  pounds  buckshot. 
11, 400  pounds  sporting  shot,  J^o.  8. 

Class  IX. 
1  double  block. 
4  half  blocks. 
1  gin  pole  block. 

4  quarter  blocks. 
1  single  block. 

1  treble  block. 
6  whole  blocks. 

1  set  blocks  for  mounting  15-inch  guns. 
6  shot  beds,  wooden. 
2, 915  marksmen's  buttons. 
1  capstan  and  bar. 
1  geared  capstan  or  crab. 
1  sling  cart. 

11  sling  chains. 
13  gun  chocks. 

104  roller  chocks. 
72  wheel  chocks. 

1  cradle  for  moving  heavy  guns. 

1  collar,  15-inch  gun. 
24  disks. 

12  disk  staves. 
1  gin  fall. 

5  shot  frames,  iron. 
1  garrison  gin. 

3  gin  handspikes. 
1  hydraulic  jack. 

19  ornaments,  cap,  cadet. 

20  shifting  planks. 
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2  platfonus,  siege  carriage. 

1  platform,  S-inch  converted  gan. 

2  platforms,  4^-inch  siege  gnn- 

2  platforms,  8-incli  howitzer. 

1  platform,  4^iDcli  siege  howitzer. 

3  platforms,  mortar, 
42  long  rollers. 

8  short  rollers, 
20  trace  ropes. 

233  signal  flags. 

9  skids. 

42  piecea  skiddiog,  iron. 
1  sling  for  caonou  rope. 
1  stadiam,  company,  brass. 

1  stadiam  hag. 

2  plane  tables. 

76  intrenchiog  tools. 
1, 453  centers  for  targets. 

65  target  f^mes,  wood,  4x6,  A. 
93  target  frames,  wood,  6x6,  B. 
18  target  frames,  wood,  12x12,  G. 
52  shot  marks,  4-inch. 
42  shot  marks,  6-inch. 
51  shot  marks,  12-iiicb. 
25  shot  mark  staves. 
3, 875, 750  target  pasters. 
237  streamera. 

4  targets,  cotton  cloth. 
'  300  targets,  paper. 

399  targets,  paper,  redaced  size. 
10, 377  paper  targets,  A. 
4, 529  paper  targets,  B. 
2, 137  paper  targets,  C. 
200  paper  targets,  E. 
200  paper  targets,  F. 
2O0  paper  targets,  G-. 
89  Laidley  revolving  targets. 
15  targets,  track,  "Gashing's." 

Class  X  to  II. 

8  nave  bands. 

4  tire  bands. 
40  tire  bolts. 
20  bolts  No.  1,  «A." 

1  brake  handle,  cavalry  forge. 

2  feet  chain.  No.  1. 
2  feet  chain.  No.  2. 

2  forks,  limber. 

3  sponge-hooks. 

4  hounds. 

2  bronze  habs,  Laidley  cavalry  forge. 
13  keys  for  ammnnition  chest. 
25  atay-pin  keys  and  chains. 

4  pounds  nails. 

6  poles. 
12  linchpins. 
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1  Brewer's  silent  ratchet  for  Laidley  cavalry  forge. 

1  shaft  for  Laidley  cavalry  forge. 

2  front  handspike  sockets,  15-inch  carriage. 
2  gun  carriage  stocks. 

132  washers  and  nuts. 
16  linch  washers. 
22  wheels,  complete. 

2  wheels  for  Hotchkiss  mountain  gun  carriage. 

3  pole  yokes. 

1  wind  pipe  for  traveling  forge. 

Class  X  to  III. 
6  breechings. 

21  artiHery  bridles. 
665  brass  plated  buckles. 
445  iron  roller  buckles. 

22  collars. 

8  girths  for  drivers'  saddles. 
145  h  altera. 
145  halter  hitching  straps. 

3  rammer  heads,  6-pounder  gun. 
12  rammer  heads,  3-inch. 

6  rammer  heads,  mountain  howitzer. 

2  rammer  heads,  4.5-inch. 

6  sponge  heads,  6-x>ounder  gun. 

18  sponge  heads,  3-inch. 

6  sponge  heads,  mountain  howitzer. 
6  sponge  heads,  4.5-inch. 
1  shaft  saddle  with  arch  for  roller  band. 
1  shaft  inside,  Laidley  cavalry  forge. 

1  shaft  outside,  Laidley  cavalry  forge. 
124  cold  shut  links. 

37  pole  pads. 

75  rosettes  for  artillery  bridles. 

12  seats  for  drivers'  saddle  trees. 

19  woolen  sponges,  6-pounder  gun. 
151  woolen  sponges,  3-inch. 

127  woolen  sponges,  12-pounder. 
24  woolen  sponges,  mountain  howitzer. 
8  woolen  sponges,  4.5-iuch. 

6  woolen  sponges,  100  pounder. 

7  artillery  stirrups. 

3  artillery  stirrup  straps. 
6  breast  straps. 

3  hame  straps. 

6  loin  straps. 
50  pole  straps. 
10  lead  traces. 

2  wheel  traces. 
155  artillery  whips. 

Class  X  to  IV  and  V. 


200  fuse  plugs,  brass,  15inch. 

75  sabots  for  8-inch  Butler  shot. 

11  screw  plugs,  8-inch  shot. 
200  tin  straps  for  10-inch  projectiles. 
200  tin  straps,  15-inch  shells. 
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6  rod-bayonet  springs. 
296  sears. 
277  sear  screws. 
236  sear  springs. 
81  sear  spring  screws. 
113  side  screws. 

6  side  screw  washers. 
101  stocks  (complete). 
519  stocks  (wood  part). 

58  tang  screws. 

3  thnmb  pieces. 

9  tip  screws. 

3  tips  for  stocks. 
10  triggers. 

7  trigger  screws. 
154  tnmblers. 

241  tumblers  (swiveled). 
312  tambler  screws. 

PARTS  OP  OPPICBR'S  RIPLE. 

5  ramrods. 

2  globe  and  peep  sights. 

PARTS  OP  NAVY  RIPLE. 

36  butt  stocks,  cadet. 

PARTS  OP  SPRINOPIELD  OARBINE. 

23  bands. 
5  band  springs. 

2  breech  blocks. 

25  breech  block  caps. 

45  breech  block  cap  screws. 

40  bridles. 

50  bridle  screws. 
5  cam  latches. 
107  cam  latch  springs. 
100  cover  spring  screws. 
100  cover  stud  pins. 
139  ejector  springs. 
107  ejector  spring  spindles. 

16  ejector  studs. 

25  extractors. 
158  firing  pins. 

55  ^ring  pin  screws. 

3  guani  bows. 

10  guard  bow  nuts. 

3  guard  plates. 
10  guard  screws. 

5  hammers. 
10  hinge  pins. 

3  lock  plates. 
30  mainsprings. 
15  mainspring  swivels. 
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65  firing  pin  rivets. 

20  front  sights. 

10  gates. 

10  gate  catches. 

60  gate  catch  screws. 
149  gate  springs. 
109  gnard  screws,  long. 

92  guard  screws,  short. 
119  hammers. 

30  hammer  cams. 

30  hammer  rolls. 

30  hammer  roll  rivets. 

72  hammer  screws. 

25  hands. 

80  hand  springs. 
101  mainsprings. 

85  mainspring  screws. 

74  sear  springs. 

10  sear  spring  screws. 

64  sear  and  stop  bolt  screws. 
77  sear  and  stop  bolt  springs. 

57  sear  and  stop  bolt  spring  screws. 
53  stocks. 
^  triggers. 

65  trigger  screws. 

PARTS  SCHOPIELD,  SMITH  &  WESSON  REVOLVER. 

50  barrel  catches. 

52  base  pins.  • 

50  cylinder  catches. 

50  cylinder  catch  screws. 

20  extractors. 

70  extractor  springs. 

20  extractor  stems. 

20  hammers. 

3  hand  springs. 
2  stocks. 

6  triggers. 

PARTS  OP  DOUBLE-BARREL,  BREEOH-LOADmO  SHOT-aUN. 

100  firing  pins. 

100  firing.pin  springs. 

40  plangers. 

40  planger  springs. 

80  tumblers. 

40  tnmbler  screws. 

PARTS  OP  SWORDS. 

10  browned  scabbards,  officers'. 
6  scabbards,  cadet. 
30  steel  scabbards,  N.  0.  O. 
36  steel  scabbards,  mnsicians'. 

4  leather  scabbanls,  X.  C.  O. 
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Class  X  to  VII. 

12y  654  brass  bar  backles. 
2f  230  brass  wire  backles. 
1, 816  iron  bar  buckles. 

220  iron  horseshoe  buckles. 
1, 858  iron  roller  buckles. 
32  curb  bits. 
84  curb  chains. 
100  girth  billets. 
154  halter  chains. 
3, 636  brass  ♦^D's'*  for  cartridge  belts. 
252  side  line  fasteners. 
8  bayonet  scabbard  frogs,  hook  attachment. 
80  bridle  headstalls. 
468  halter  bolts. 
842  halters. 
2, 253  double  hooks,  brass  wire. 
3,  723  double  spring  hooks  for  lariats. 

200  curb  strap  loops. 
3, 153  ovals. 
72  reins. 
4, 193  brass  rings. 
1, 338  halter  rings. 
1, 972  iron  rings. 
1, 045  swivel  rings  for  halters. 
30  curb  chain  safes. 
24  shields. 

23  gross  escutcheon  screw  pins,  brass. 
212  snaps  for  links. 

24  snaps  for  side  lines. 

1, 000  carbine  sling  swivel  springs. 

144  halter  squares. 
ly  354  brass  foot  staples. 
3,  730  brass  staples  for  rings. 
2j  232  wooden  stirrups,  with  hoods. 
2  stirrups  with  guidon  socket. 
260  cincba  straps. 
360  coat  straps. 

20  coupling  8trai>s,  infantry  equipments. 
765  curb  straps. 
3, 869  baiter  straps? 
106  haversack  straps. 
20  hook  straps. 

40  safety  straps  for  leather  saddle-bags. 
300  saddle-bag  studs. 
60  sweat  leathers. 
2, 829  yards  linen  webbing,  4  inches  wide. 
48  yards  girth  webbing,  4J  inches  wide. 
72  yards  Unen  webbing,  7|  inches  wide. 

Class  X  to  VIII. 
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1, 600  cartridge  bags,  ^-pound  charge. 
1, 200  cartridge  bags,  1-pound  charge. 
1, 500  cartridge  bags,  2-poands  charge. 
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2, 780  cartridge  bags,  6-poander  gun. 

11, 710  cartridge  bags,  12-ponnder  gan. 

6, 065  cartridge  bags,  moantain  howitzer. 

1, 000  cartridge  bags,  20-pounder  Parrott. 

200  cartridge  bags,  42-poander  gan. 

800  cartridge  bags,  lOO-pounder  Parrott. 

3, 275  cartridge  bags,  3-inch  gnn. 

1, 775  cartridge  bags,  4.5-inch  gan. 

600  cartridge  bags,  8-inch  converted  rifle. 

2, 300  cartridge  bags,  10-inch  gun. 

50  cartridge  bags,  15-inch  gan. 

50  fuse  plugs,  wood,  8-inch  mortar. 
520  fuse  plugs,  wood,  10  inch  mortar. 
500  fuse  plugs,  wood,  8-inch  shell. 
200  fuse-plug  caps. 

11, 400    cartridge  shells. 

Glass  X  to  IX. 
1    capstan  bar. 
4    capstan  pins,  iron. 

24  fencing  bayonets. 

18    stocks  for  fencing  muskets. 

PART  second:   cloth,  ROPE,  THREAD,  ETC. 

4, 749J  yards  cotton  cloth. 
30    pounds  rocket  cord. 
190|  pounds  sash  cord. 
34    pounds  waste  cotton. 

3  yards  red  flanneL 
200    pounds  ixtle. 

23  pounds  marline. 

103^  yardi  cartridge-bag  material. 
943|  pounds  rope,  hemp,  and  manila. 

51  yards  red  serge. 

148    pounds  assorted  thread. 
158    pounds  linen  thread. 

42^  pounds  saddlers'  thread. 
645    pounds  shoe  thread. 

15    pounds  tow. 
158J  pounds  twine. 

IRONMONOERT. 

25  pounds  iron  bolts. 
20  papers  iron  brads. 
10    i)ounds  iron  brads. 

24  pounds  sheet  brass. 

4  pounds  copper  burs. 
24  pairs  brass  butts. 
36  pairs  iron  butts. 

30  feet  card  clothing. 

1, 000  pressure  discs. 

1, 779  pounds  band  iron. 

715  pounds  bar  iron. 

65  pounds  hoop  iron. 
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29  quires  emery  paper. 

12  pounds  polishiDg  material  for  leather. 

478  pounds  rotten  stone. 

79  quires  sand  paper. 

12^  pounds  scouring  material. 

643  papers  tripoli. 

8  button  brushes. 

3  wire  scratch  brushes. 

4  button  sticks. 

118    boxes  cleaning  material,  complete. 
224    boxes  ingredients  for  2  quarts  blackiuf:. 
3    feather  dusters. 
22    cleaning  plates. 
135    pounds  bar  soap. 
2, 827^  pounds  castile  soap. 
139    pounds  sponge. 
214|  pounds  beeswax. 

MATERIALS  FOR  OFFICE  USB. 


31 

instruction  books. 

2 

spring  divers. 

3 

seal  stamps. 

51 

pounds  drawing  paper. 

3 

I)0unds  sealing  wax. 

LABORATORY  STORES 

562 

pounds  laboratory  paper,  assorted 

50 

pounds  log  paper. 

15 

I)ounds  manila  paper. 

1,334 

pounds  packing  paper. 

10 

pounds  stencil  paper. 

2 

glass  bottles. 

1 

dynamometer. 

1 

opisometer. 

6 

gallons  carbolic  acid. 

148J  gallons  alcohol. 

10 

pounds  borax. 

70 

pounds  camphor. 

100 

ponnds  pulverized  charcoal. 

50 

pounds  ammoniated  copper. 

25 

pounds  sulphate  of  copper. 

1 

barrel  rye  flour. 

100 

pounds  gum  arabic. 

55 

pounds  common  glue. 

100 

pounds  white  glue. 

1,912 

I)Ounds  lubricant. 

12 

pounds  concentrated  lye. 

1,000 

pounds  refined  niter. 

25 

pounds  ground  pepper. 

5 

pounds  red  pepper. 

244 

pounds  chlorate  of  potash. 

4 

pounds  spermaceti. 

10 

ponnds  steel  filings. 

122 

pounds  nitrate  of  strontia. 

n 
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852  wooden  powder  barrels. 
31  tin  cans. 
3  forge  chests. 
1  instrument  case. 
228  field  cases. 
21  chamois-skin  sword  cases. 
10  pounds  flax  packing. 
8  cans  axle  grease. 
530  pounds  wheel  greases 
70  metallic  i)owder  kegs. 
10  feet  rubber  packing. 
3  i)ounds  tarred  paper. 

1  spring  wagon. 

INSPECTINa  INSTRUMENTS. 

2  pressure  gauges. 

1  ring  gauge,  3.inch  rifle. 
1  ring  gauge,  4.2-inch  rifle. 

1  ring  gauge,  4.5-inch  rifle. 

2  ring  gauges,  8-inch  rifle. 
1  star  gauge. 

1  star  gauge  with  rests  and  sets  of  points. 

1  caliper  for  thickness  of  walls  of  rifle  projectile. 

2  scales  for  measuring  pressure  cut. 

RELOADING  TOOLS. 

223  sets  tools  for  reloading  cartridges. 
4  crknping  dies. 

3  reloading  dies. 

4  resizing  dies. 
236  drifts. 

291  extractor  hooks  and  pins. 
252  extractor  levers.     * 
274  extractor  lever  screws. 
•   40  extractor  primers. 
23  extractors  and  recappers. 
229  funnels. 
324  ladles. 

9  mallets. 
283  priming  tools. 
608  pins  for  primer  extractors. 

2  primer  punches. 
12  reloading  punches. 
15  r^iziug  punches. 

3  reloading  tools. 
22  shell  scrapers. 

2  safety  sockets. 

4  tin  strainers. 

6  teeth  for  Winchester  reloader. 

3  brush  wipers. 


TOOLS,  ETC. 

1  adze. 
4  anvils. 
15  aprons,  leather. 
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17  hatches. 
4  heading  tools. 
1  jackscrew. 

6  gauge  knives,  draw. 
56  half-round  knives. 
31  head  knives. 

45  shoe  knives. 
26  shoeing  knives. 

7  splitting  knives. 
1  spirit  level. 

15  mallets. 

1  tape  measure. 
4  collar  needles. 

5^  420  saddlers'  needles. 
4  nail  extractors. 
39  cutting  nippers. 

2  oil  cans. 

12  oil  droppers. 
31  oil  stones. 

8  pickaxes. 

10  pickaxe  handles. 

6  pincers. 
4  planes. 

10  plane  irons.  ' 
14  pliers. 

1  glue  pot. 

17  pricking  carriages. 

46  pricking  wheels. 

2  pritchels. 

24  hand  punches. 

16  saddlers'  punches. 
3^  spring  punches. 
14  punching  blocks. 

3  rakes. 
140  rasps. 

4  reaping  hooks. 

2  rounding  irons. 
33  rules,  2  foot. 
30  sandstones. 

10  saws. 

3  saw  blades, 

1  counter  scales  and  weights. 

18  scissors. 

9  copper  scoops. 
22  screw  drivers. 

2  scythes. 

2  scytbe-sneaths. 

7  scythe  stones. 

8  rivet-sets. 
26  shears. 

1  copper  shovel. 
12  shovels,  long-handled. 
16  slickers. 
69  slippers,  magazine. 
10  spades. 

3  spoke  shaves. 


Appendix  4. 


AppartionmeHt  of  ordnancty  ordnance  stores,  ^*o.,for  the  fiscal  year  ended  June  30,  1882^ 
under  Beetions  1661  and  1667  lievised  Statutes  tnited  ^tates^  and  refjuJutUms  established 
in  conformity  therewith,  » 


a  a. 


States  and  Tenitoriea. 


Alabama.. 
Arkansas'. 
CaUfornia. 
Colorado . . 


Gonneoticnt. 
Delaware . . . 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 


Kansas  ... 
Kentucky. 
Lonisisna. 
Maine  — 


Maryluid 

Massaotansetts 

Michigan 

Minnesota 

Mississippi  — 
Missouri 


Nebraska , 

Nevada... 

New  Hampshire 

New  Jersey 

New  York , 

North  Carolina  . 
Ohio 


Oregon 

Pennsylvania . . 
Rhode  Island . . 
Soath  Carolina. 

Tennessee 

Texas 

Vermont 


Virginia 

West  Virginia 

Wisconsin 

Arizona  Territory* 

Dakota  Territory* 

Idaho  Territorv* 

New  Mexico  Territory*. 

Montana  Territory* 

Utah  Territory* 

Washington  Territory". 
Wyoming  Territorv*  ... 
District  of  Columbia* . . . 


Total.. 
Freights,  &c 


t^l\ 

• 

Vj^.5 

gSii 

n 
> 

liii 

a 

» 

1 

10  ♦ 

$4,797  8& 

6  t 

2.  878  71 

«  1 

2,  878  71 

3  ! 

1.439  se 

^  } 

2,  878  71 

3 

1,439  36 

* 

1.  919  14 

11  ' 

5,277  64 

21  i 

10,  076  4» 

15 

7, 196  78 

11 

5,277  64 

6  t 

2.398  93 

12 

5, 757  42 

8 

3,838  28 

7 

3.358  50 

8 

3.838  28 

13  1 

6. 237  21 

U 

5.277  64 

5 

2,398  98 

8 

3.838  28 

15 

7, 196  78 

3 

1, 439  36 

3 

1.439  3e 

5 

2.  398  93 

9 

4.  318  06 

35 

16.  792  48 

!0 

4,797  85 

22 

10.555  27 

3 

I,  439  86 

29 

13.  913  76 

4 

1.919  14 

7 

3.358  50 

12  • 

5,757  42 

8  : 

3.838  28 

5 

2,308  98 

11  1 

5.  277  64 

5  1 

2,398  93 

10 

4,797  85 

3 

1.439  36 

3 

1.439  36 

3 ; 

1, 439  36  . 

3 

1.439  36 

3 

1.439  36 

3 

1, 439  36 

8 

1.439  86 

3 

1.  439  36 

3 

1.439  36 

396 

189.  995  00 

t 

10,005  06 

200.  (HM)  00 
*  Apportionment  according  to  the  flmt  paragraph  of  the  President's  regulation  of  April  30.  18.'>.'>. 
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Appendix  5. 

Statement  of  ordnance^  ardna/nce  MtoreSy  dkc.y  distributed  to  the  militia  from 
July  Ij  1881,  to  June  30, 1882,  under  sectims  1661  and  1667  Revised 
Statutes  United  States. 

Class  I. 

2  lOpoander  Parrott  guns. 
2  6-poaDder  bronze  guns. 

1  3-inch  wrougbt-iron  rifled  gun,  model  1861. 
6  Gatling  guns,  10  barrels,  long,  caliber  .45. 

Class  II. 

2  carriages  and  limbers  for  10-pounder  guns. 
2  carnages  and  lim'bers  for  6-pounder  guns. 

1  carriage  and  limber  for  3-inch  gun. 

6  carriages  and  limbers  for  Gatling  guns,  caliber  .45. 

2  caissons  and  limbers  for  10-pounder  guns. 


300 

11 

4 

3 

11 

10 

10 

5 

6 

12 

5 

6 

1 

1 

1 

6 

2 

3 

3 

4 

3 

1 

6 

20 

4 

4 

3 

1 


Class  III. 
feed  cases, 
gunners'  haversacks, 
gunners'  gimlets, 
gunners'  pincers, 
handspikes,  trail, 
lanyards  for  friction  primers, 
priming  wires, 
prolonges. 
tube  pouches, 
thumb-stalls, 
paulins,  12  by  15  feet 
vent  covers, 
pendulum  hausse. 
pendulum  hausse  pouch, 
pendulum  hausse  seat 
sets  of  artillery  harness,  2  horses,  wheel, 
sets  of  artillery  harness,  2  horses,  lead, 
sponge  buckets,  iron, 
tar  buckets,  iron, 
vent  punches, 
gunners'  pouches. 

sponge  and  rammer,  12-pounder  gun. 
sponges  and  rammers,  6-pouuder  gun. 
8f>onges  and  rammers,  3-inch  gun. 
sponge  covers,  Opounder  gun. 
sponge  covers,  3inch  gun. 
worms  and  staves,  12-ponnder  gun. 
worm  and  stave,  3inch  gun. 
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Class  V. 

150  12pounder  shot,  fixed. 
1(M>  Sinch  shot,  fully  prepared. 

144  12-pounder  canister,  fixed. 

80  10-i)ounder  canister,  3inch,  fixed. 
<>0  10-pounder  canister,  2.9  bore,  fixed. 

Class  VI. 

3, 696  Springfield  rifles,  caliber  .45. 
700  Springfield  carbines,  caliber  .45. 
300  Sharps'  carbines,  caliber  .50. 
1, 662  Colt's  revolvers,  caliber  .45. 
100  Schofield's  Smith  &  Wesson  revolvers,  caliber  .4& 

84  officers'  swords. 

165  non-commissioned  officers'  swords. 
420  light  cavalry  sabers. 
147  light  artillery  sabers. 

37  baybnets. 

Glass  VII. 

975  knapsacks  and  straps. 
7, 188  waist  belts  and  plates. 
11, 049  cartridge  boxes. 
9, 544  steel  bayonet  scabbards. 

7  non  commissioned  officers'  sword  belts  and  plates. 
496  saber  belts  and  plates. 

10  non  commissioned  officers^  shoulder  belts  and  plates. 
300  carbine  slings. 
300  carbine-sling  swivels. 
200  carbine  cartridge  poaches* 
5, 073  gun  slings. 
3, 200  canteens  and  straps. 
3, 200  haversacks  and  straps. 
2, 000  blanket  bags  and  straps. 
50  blanket  bags. 
100  coat  straps. 
100  shoulder  straps. 

10  scabbards,  non-commissioned  officers'  swords. 
216  saddle  blankets,  gray. 
3  saddle  cloths,  felt. 
9  saddle  cloths,  canvas. 
9  pairs  spurs  and  straps. 
1, 000  meat  cans. 
1, 000  tin  cups. 
1,000  knives. 
1, 000  forks. 
1,000  spoons. 

145  pistol  holsters. 
194  saddles. 

186  bridles. 
7  whips. 
9  currycombs. 
9  horse  brushes. 


100 

200 

950 

65,000 

85,000 

433,200 

1, 181, 500 

1,000 

21,000 

34,500 

2,500 

^000 

15,000 

30 

13,180 

418,000 

M.OOO 

1,500 
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Class  VlU. 

blank  cartridges  for  12-pounder  gnu. 
blank  cartridges  for  6-pounder  gun. 
blank  cartridges  for  3  inch  gun. 
rifle  blank  cartridges,  caliber  .50. 
rifle  blank  cartridges,  caliber  .45. 
rifle  ball  cartridges,  caliber  .60. 
rifle  ball  cartridges,  caliber  .45. 
carbine  blank  cartridges. 
carbiu6  ball  cartridges, 
revolver  ball  cartridges, 
lubricated  bullets  (405  grains), 
lubricated  bullets,  caliber  .50. 
lubricated  bullets,  caliber  .45. 
pounds  musket  powder, 
friction  primers, 
cartridge  primers, 
cartridge  shells,  caliber  .50. 
cartridge  shells,  caliber  .45. 
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2  pole  pads. 
1  pole  yoke. 
1  pair  pole  straps. 


Class  X. 


SPARE  PARTS  FOB  SPRIKOFIRLI)  RIFLES,  CALIBER  .50. 

50  stocks. 
450  ejector  springs. 
450  ejector  spring  spindles. 
200  extractors. 

50  bridles.  • 

50  bridle  screws. 

25  breech  blocks. 

50  breech  screws. 

50  band  springs. 
130  bayonet  clasps. 
200  bayonet  clasp  screws. 
100  butt  plate  screws. 

25  cam  latches. 
300  cam  latch  springs. 
200  firing  pins. 
100  firing  pin  screws. 

50  gnaM  plates. 

50  guard  plate  bows. 
100  guard  screws. 

50  guard  bow  swivels. 
200  guard  bow  swivel  screws, 
too  guard  bow  nuts. 

50  hinge  pins. 

50  hammers. 
100  leaf  slides. 
200  mainspring  swivels. 

50  locks. 

50  lower  bands. 
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50  ramrods. 
400  rear  sights, 

50  rear  sight  springs. 
100  rear  sight  base  screws. 
100  sears. 

25  sear  springs. 
200  sear  spring  screws. 
100  side  screws. 
100  side  screw  washers. 

100  tumblers.  ^ 

100  tumbler  screws. 

10  tips. 

25  tip  screws. 
100  trigger  screws. 

50  tang  screws. 

50  upper  bands. 

50  upper  band  swivels. 
250  upper  baud  swivel  screws. 

SPARE  PARTS  FOR  SPRINGFIELD   RIFLES,   CALIBER  .45. 

1  barrel. 

1  butt  plate. 

8  butt  plate  screws. 

2  butt  plate  pins. 

62  breech  blocks. 

3  breech  block  caps. 
22  breech  screws. 

63  bayonet  clasps. 

63  bayonet  clasp  screws. 
15  bayonet  clasp  stops. 
54  bridles. 
70  bridle  screws. 
6  band  springs. 
123  cam  latches. 
15  cam  latch  springs.. 
3  extractors. 
45  ejector  springs. 
3  ejector  spring  spindles. 
102  ejector  studs. 
178  firing  pins. 
oS  firing  jun  screws. 
1, 104  front  sights. 

6  front  sight  pins. 
1, 000  front  sight  rivets. 
1  guard  lilate. 
1  guard  bow. 
10  guard  bow  nuts. 
60  guard  screws. 
110  guard  bow  swivels. 
100  guard  bow  swivel  screws. 
15  guard  bow  swivel  rivets. 
1  guard. 
110  hammers. 
5  lower  bands. 
1  lock  plate. 


Appendix   6. 

Statement  of  ordnance^  ordnance  storesj  d!C.y  distributed  to  the  Territories^ 
and  States  bordering  thereon^  from  July  1, 1881,  to  June  30, 1882,  under 
the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  and  June  7, 1878^ 
and  the  act  of  May  16, 1878. 

1, 400  Springfield  rifles,  caliber  .50. 
1, 000  Sharps  carbines,  caliber  .60. 
1, 600  cartridge  boxes. 
1, 100  leather  bayonet  scabbards. 
1, 800  waist  belts  and  plates, 
ly  000  gnn  slings. 
ly  000  carbine  slings  and  swivels. 
105|  000  rifle  ball  cartridges,  caliber  .50. 
15, 000  carbine  ball  cartridges,  caliber  .50. 
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Appendix    7. 

Slatanenl  of  ordnance,  ordnance  stores,  i/tc,  distributed  to  eotleges  unii 
mnivereitiesfrom  July  1, 1881,  to  June  30,  1882,  under  section  1225  He 
vited  Statut&i  United  Slates,  an  amended  by  act  approved  July  5, 187fi. 

CL4SS  I. 
4  3-inch  wrought- iron  rifled  guns,  model  1861. 

Class  II. 
4  carriages  and  limbers  for  3-iiicta  guns. 
2  caissons  and  limbers  for  3-iucli  gans. 

Class  HI.  ^ 

10  j^uniient'  haversacks. 
10  handspikes,  trail. 
20  lanyards. 
10  priming  wires. 
20  thumbsCiills- 
10  tube  pouches. 
10  vent  covers. 

4  paulins,  12  by  15  feet 

1  pendulam  hau8Se. 

1  pendulum  hausse  seat. 

1  pendulum  hauase  pouch. 

4  tompions. 
12  sponges  and  rummers  for  6-ponnder  gnu. 

8  sponges  and  rammers  for  3-inch  rified  gnn. 
12  sponge  covers  tor  3-pouiider  gnn. 

8  sponge  covers  for  3-inch  rifled  gun. 

Class  VI, 
450  SpriDgHitld  rides,  cadet,  caliber  .45. 
20  non-coniniiHsione<]  oflicers'  swords. 

Class  VII. 
460  cartridge  boxes. 
450  steel  bayonet  scabbards. 
20  shoulder  belts  and  plates. 
450  waist  belts  and  plates. 

Class  VIII. 
,  200  blank  cartridges  for  12-pounder  gau. 

600  blank  cartridges  for  6-phbuD<ter  gnn. 
1, 000  blank  cartridges  for  3-iach  guu. 
9, 500  carbine  blank  cartridges,  caliber  .50. 
12,000  carbine  blank  cartridges,  caliber  .45. 
9,500  carbine  ball  cartridges,  caliber  .50. 
11, 000  carbine  ball  cartridges,  caliber  .46. 
1, 000  rifle  blank  cartridges,  caliber  .46. 
6, 400  friction  primers. 


Appendix  8. 

statement  of  ordnance  stores  issued  to  the  Executive  Departments  during 
the  year  ended  June  30,  1882,  under  the  provisions  of  the  act  of  March 
3, 1879. 

TO  THE  TREASURY  DEPARTMENT. 

6  Springfield  carbiDes. 
1, 200  carbine  ball  cartridges. 

TO    THE    POST-OFFICE  DEPARTMENT. 

100  Springfield  TifLed. 
1,000  rifle' ball  cartridgeH. 
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Appendix  9. 

Report  of  action  Utken  under  the  act  of  Mitrck  3,  1881,  during  the  fiaoat 
gear  ended  Jvne  30,  1882. 

SOLD. 

To  E.  I.  Uh  l-onl  dt  Xemour-  J-  Co. 
l«fl. 

iiowiler,  at  12   ceutH    ixtr 

1^,324  00 

plunder,  lit  14  cenia  per 


f7,700   ponuilH  servkeable   cuiiDtm 

paiiod 

.  1011,000  |K>uiliIa   serviceable   niiiaket 

10, 000  |iouDdH  iiDtiervitieabte  iiinsket  aud  rISe  powder,  at  H  ceotit 

perpoDud 

1,'iOO  poiioda  unserviceabtc   canliuD  |Kin-cUr,   at  »  centH  por 

poand I 

7,600  poundB  Burviveable  cuiiftoii  ponder  rrain  brukeu- up  am- 

munitioD  at  10  cents  jier  |>oDnd 

•i.tUX)  jHinnds  daDia^^ud  mortar puwder,  al  5reuts  perpounil.. 
.   11*2,400  iHtiindH  caDnoti  powder,  at  101  ceiitu  per  puiiDd 

To  I^Jlin  ^  Band  Poinfer  CamjMHy. 

i;i,  UUO  iKiiiudd  I'aiinon  ponder ^t  1*2  centH  [wr  pound 

MO,  100  |MiUDdH  i'aQni>n  JHiwder,  at  Vi  cent"  per  pound 

.     51,400  iHiiiadH  cMuiioD  powder,  at  10|cetilii  per  pound 

.  10:i,  HKI  poiuidH  CHtiuon  jiowder,  at  lO^ceiitx  per  pound 


800  00 
96  00 


4J,H0U)K>uDiUcai 
l4,!HH)|ioi>udHuii 
IJ,  500  pounds  i»i 


To  Orirntal  Fotrdrr  Compann. 

puwil«r,fit  luj 


To  li:  JaiHet    II'ImUs. 


pi>r  pound. . . 
I  per  pound  .. 


.'i.256  00 
1,564  50 

i.str  m 


To  F.  II'.  DaiTiim 


Aug.    -17.  H,fm  3-ii.ch  Hot.bkii 


To  L.  Fi-i 

.  caHe  sliot,  'M; 

To  J.  J. 


S«pt.    6.  Hi  3-iiii'tiDyeTeuHeHhot,  ,",',';,  tons,  at  (24.. Vi  per  ton.. 

1,4:19  3-inch  DvvrcauiHtvT,  iVA",!  hms,  ati^per  tou 

Oct.    -.U.      3,641  :i.iudi  Dyer  HhellB   (,,,„»>, 
»*;«  pourdi.DyerBbelUj'''"^"  " 
n,31!i  3-incb  Huti^likiiw  canister. 
87  3.fi7.hifh  Hotibkiw  canister, 

84  3.40.im'b  Hotcbkisd  caniHter,  )     *" ; 

50:t  3-inc;h  Srhenkl  nhellx,  IJSJi  tone,  at  »16.15  por  ton  ... 
290  :t-inch  Seheiiki  cam:  shot,  Ifl'^i  '<">•-  at  r«.55  por  ton 
160  aO-iiounil,T  StbsnkI  cane  sboi,  li,'y',",  tone,  at  $*i.56  per 
305  ao-ponodcr  PatTolt.  shellii,       ( 
60  ao-poauder  Parrott  cane  tihi ' 
18 '3.8  inch  Parrott  Hbellx, 
8  3.67-incb  Parrott  sbot, 
15  3.ti-:n(ih  Hotcbhisn  canixti-i 


.-,  .  (  9-23.15  p*r  Urn 

aOj-V/,  tiinj,  at  $15.35  pi-r 


l»AV,i 


398  30 
341   19 
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To  F,  Bannerman, 

Oct.      6.    6, 120  12-ponnder  case  shot,  at  14^  conts  each    887  4«> 

6.        378  24-pounder  Parrott  shot,  at  M  cents  each 128  5:^ 

6.     1, 649  24  pounder  Parrott  shell,  at  30  cents  each 494  7(> 

,        6.        327  24-ponnder  Parrott  case  shot,  at  30  cents  each 98  lO 

6.        520  32-pounder  Parrott  shot,  at  40  cents  each 208  OO 

6.     1, 067  :i2-pounder  Parrott  shells,  at  40  cents  each 426  8<> 

6.        376  42-ponnder  Parrott  shot,  at  5t>|  cents  each 198  34 

6.        375  42-pounder  Parrott  shells,  ut  r»l^  c«»nt8  each 192  19 

6.            6  3.67-inch  Hotchkiss  8h«*lls,  at  1 1 A  cents  each i'O' 

6.     1,068  3  8-inch  Hotchkiss  shells,  at  14 1  Cents  each 154  bi> 

6.            4  3.67-inch  Hotchkiss  case  shot,  at  18  cents  each 72 

6.        2^9  3.67-inch  Hotchkiss  shot,  at  5f  cents  each 16  62 

6.        450  3-inch  Dyer  shot,  at  7|  ctMits  each 33  7r> 

6.        530  3-inch  Dyer  case  shot,  at  5f  cents  each 30  48^ 

17.            1  3-inch  Hotchkiss  shot ^. . .  lO 

17.  19, 258  3-inch  Hotchkiss  case  shot,  at  11  cents  each 2, 118  :« 

17.          20  3.67-inch  Hotchkiss  case  shot,  at  18  cents  each 3  60 

17.    4, 152  3-inch  Parrott  shot,  at  6  ceut«  each 249  12 

17.    4, 572  3-iDch  Parrott  shells,  at  6  cents  each 274  3^ 

17.        430  3-iDch  Parrott  case  shot,  at  10  cents  each 43  OO 

17.        320  3-inch  Parrott  case  shot,  at  9  cents  each 28  HO 

17.           2  20-ponnder  Parrott  shot,  at  12^  cents  each 25 

17.     2, 837  20-ponnder  Parrott  shells,  at  lOi  cents  each 297  89 

17.        378  20-pounder  Parrott  shi'lls,  at  9^  cents  each 34  97 

17.    4, 104  30-pounder  Parrott  shells,  at  19  cents  each 779  7ft 

17.  14, 217  30-pound)er  Parrott  shells,  at  15f  cents  each 2, 139  17 

17.    2, 061  30-pounder  Parrott  case  shot,  at  33^  cents  each 690  44 

17.         25  30-pouDder  Parrott  case  shot,  at  32  cents  each 8  OO 

17.            1  32-pounder  Parrott  shot 40 

17.          50  32pouDder  Parrott  shells. at  40  cents  each 20  OO 

17.          50  42- pounder  Parrott  shot,  at  51^  cents  each 25  63> 

Deo.    10.        407  6'pounder  case  shot,  at  7  cents  each 28  40 

10.    2, 188  12-poundor  case  shot,  at  14  cents  each 306  32 

10.        273  3-inch  Parrott  case  shot,  at  10  cent«  each 27  30 

10.    4, 970  30-pounder  Parrott  case  shot,  at  33^  cents  each 1, 664  95 

10.    2, 184  20-pounder  Parrott  shells,  at  lOj*  cents  each 229  3t 

10.     1, 750  30pounder  Parrott  shot,  at  19  cent*  each 332  50 

10.  20, 7*35  30-ponnder  Parrott  shells,  at  15  cents  each 3, 110  2& 

10.          15  :^inch  Dyer  shells,  at  5^  cent*  each 70 

10.          22  3-inch  Boekel  shells,  at  5^  cents  each 1  16 

10.        550  3-inoh  Armstrong  shells,  at  5i  cents  each 28  87 

17.    7,  :t35  30-ponuder  Parrott  shells,  at  15  cents  each 1 ,  100  2^ 

17.  Freight  from  Washington  Arsenal  to  New  York  Arsenal 

on  82  tons,  at  $2.80  per  ton 229  60 

To  M,  Liaaherger, 

Oct     17.  64  3.67m  nch  Hotchkiss  shells, ) 

Tt:  W4:t:irc'hSot^fkl:S&       133;r)?A  to.«,  at  *».85   per 

17.  315  3.incli  Dyer  shells,                (     ^" ?,  I7e  .s.5 

17.  1,346  3-inch  Dyer  case  shot,          J 


1882. 

Jan.     4. 
4. 


•i^  4|:?rr  ^I^JJSiJatt.  S^«*S3i  *"-.  at«24.50per.o..  40:.  :« 


^  To  J.  Torrance. 

1881 

Oet.   17.     1, 560  3-inch  Hotchkiss  shells,  at  lOf  cents  each |167  70 

17.  35,513  12-pounder  case  shot,  at  17i  cents  each 6,081  60 

17.    3, 174  24-pounder  case  shot,  at  47i  cents  each 1.495  7& 

17.        478  32-pounder  case  shot,  at  60^  cents  each 287  40 

17.  27,506  3-inch  Hotchkiss  shell,  at  lOf  cents  each 2.956  89 

17.          55  3-inch  Hotchkiss  case  shot,  at  10}  cent*  each 5  91 


:Nov.  23. 
2:i. 
•23. 
23. 
23. 

2;j. 

23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
29. 
29. 


1882. 
JAskj  5. 
5. 
5. 
5. 
5. 
5. 
6. 
5. 


864 

22,339 

223 

3,700 

l,4rt0 

11,717 

18,083 

30 

750 

22,729 

234 

725 

5 

106 

100 

24 

8 

9,390 

10,504 
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To  JoHeph  A.  Buck. 
6-poiinder  shot,  ") 

8-inch  shot,  J 

3-iDch  Hotobkiss  case  shot,  CJi'^S  tons,  at  |*.W.05  per  ton.. 

8-mch  mortar  shells,         J^ll^H  tons,  at|15.12i  per  ton. 

2.9-inch  Hot^hkiss  shells, 

3*inch  Hotchkiss  shot, 

3-iuch  Hot<;hki8s  shells, 

3.67-inch  Hotchkiss  shells, 

4.5-inch  Hotchkiss  shot, 

3.67-inch  Hotchkiss  shot, 

3.8-inch  Hotchkiss  shells, 

3.8-iuch  Hotchkiss  shot, 

24-ponnder  Hotchkiss  shells, 

30-poander  Hotchkiss  case  shot, 

8-inch  shot,  270-///^  tons,  at  $19.05  per  ton  .. 

8-inch  shells,  229H}11  tons,  at  $14,121  per  ton 
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4.632  16 

174  67 
9.249  13 


{ lOOT^iir   tons,  at  $28.05 
'      per  ton, 


2,805  69 


To  Block.  Pollock  «f  Co. 


2,892  24  pounder  shot,  at  15  cents  each 

310  stands  24-poander  grapeshot,  at  11  cents  each 

861  32-pounder  shot,  at  21  cents  each 

80  stands  32-ponnder  grapeshot,  at  15  cents  each 

49  32-pounder  canister  shot,  at  10  cents  each 

473  42-ponnder  shot,  at  27  cents  each 

38  stands  42-pounder  grapeshot,  at  15  cents  each 
38  42-ponnder  canister  shot,  at  11  cents  each  .... 


5, 150  78 

3,245  58 

433  60 

34  10 

180  81 

12  00 

490 

127  71 

5  70 

4  18 

To  E,  L,  Oranger, 
-June  23.        50  2.^inch  Parrott  case  shot,  at  25  cents  each . 

To  James  Simons, 
June  29.        50  2.9-inch  Parrott  case  shot,  at  25  cents  each 


12  50 


12  50 


Total  proceeds 141,211  36 

* 

PURCHASED. 


1881. 
Aug.  5. 
Sept.  9. 
21. 
Oct.  1. 
Nov.  18. 
Dec.  10. 
Deo.  29. 
Dee.  29. 

1882. 
May     1. 
Jan.  27. 


10,000 

700 

15,000 

10,000 

35,000 

20,000 

1,000 

1,000 


pounds 
pounds 
pounds 
ponnds 
ponnds 
ponnds 
ponnds 
pounds 


From  E,  I.  Du  Pont  de  Nemours  ^  Co, 

mnsket  powder,  at  22  cents  per  pound $2, 200  00 

hexagonal  powder,  at  25  cents  per  pound 175  0$ 

00 
00 
00 
00 
00 
00 


hexagon  al  powder,  at  25-,%  cents  per  pound 3, 810 

musket  powder,  at  22  cents  per  pound 2,200 

hexagonal  powder,  at  25-i%  cents  per  pound 8, 890 

mnsket  powder,  at  22  centa  per  pound 4, 400 

square  powder,  at  25  cents  per  pound 250 

hexagonal  powder,  at  25  cents  per  ponnd 250 


20, 000  pounds  mnsket  powder,  at  22  cents  per  pound 4, 400  00 

10, 000  ponnds  mu/sket  powder,  at  22  cents  per  pound 2, 200  §0 


From  Ames  Manufaeturing  Company, 


June  14.         20  8-inch  Eureka  cored  shot,  3,600  pounds,  at  9^  cents  per 

ponnd  


342  00 


Total  purchased 29,117  00 

On  April  7,  1882,  a  contract  was  made  with  the  South  Boston  Iron 
Ck>mpauy  for  2,000  8-inch  Batlcr  cored  shot,  at  8  cents  per  pound. 


t  , 


-  J 
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I 
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Appendix   10. 

REPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  ROCK  ISLAND  ARSENAL. 
ILLINOIS,  DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  1882. 

UKCT.  COL.  D.  W.  FLAGLKK,  ORDNANCE   DKPARTMKNT,   COMMANDING. 

[Four  plates.] 

Shop  G. 
(An  iron  working  and  finishing  shop  for  the  arsenal.) 

This  shop  has  been  completed  during  the  year.  The  principal  work 
done  has  been  the  plastering  and  painting ;  the  iron  stairways  have  all 
been  built;  a  stone  and  concrete  basement  floor  has  been  put  in;  the 
area  walls  and  stone  steps  and  platforms  have  been  completed ;  the 
grading  around  the  shop  has  been  completed,  and  all  the  stone  walks 
have  been  laid  except  the  one  on  Fourth  street,  along  the  east  side  of 
the  building. 

Tliis  shop  is  built  of  the  Grafton  limestone  from  the  quarries  at  Graf- 
ton, 111.,  on  the  Mississippi  River,  just  below  the  mouth  of  the  Illinois 
River ;  and  the  Ste  Genevieve  quarries,  in  Missouri,  about  1 40  miles 
south  of  Saint  Louis. 

Tlie  sandstone  was  used  only  for  the  entablature,  water  table,  caps, 
and  sills.  ^  ♦ 

Both  of  these  stones  are  believed  to  be  of  better  quality  and  more 
durable  than  the  stone  in  the  other  shops,  and  the  walls  are  somewhat 
handsomer. 

Shop  I. 

(A  wood-working  and  leather-working  shop  for  the  arsenal  iron  work.) 

The  iron  beams  for  one-half  of  the  second  floor  of  this  shop  and  all 
of  the  third  floor  have  been  purchased  and  fitted  in  the  arsenal  shops; 
the  iron  columns  and  iron  caps  and  bases  for  the  two  stories  have  been 
cast  and  fitted  up  in  the  arsenal  shops  and  all  this  iron  work  has  been 
put  up.  , 

The  iron  beams  for  the  roof  frame  were  purchased  during  the  year ; 
all  the  bar  iron  for  the  roof  was  manufactured  in  the  arsenal  rolling- 
mill,  and  the  whole  roof  frame  manufactured  in  the  arsenal  shops  and 
finished  ready  to  put  up. 

The  s^Jecial  report  of  first  lieut.  L.  L.  Bruft*,  Ordnance  Department, 
who  was  in  charge  of  the  rolling-mill  when  this  iron  was  manufactured, 
is  appended  hereto  and  marked  Appendix  A. 

STONE  WORK. 

The  remainder  of  the  stone  work  required  for  the  second  and  thinl 
stories  has  been  purchased  and  cut,  and  the  walls  of  one-half  of  the 
second,  and  all  of  the  third  stories  have  been  built,  completing  the  walls 
of  the  building.  A  portion  of  the  area  walls  has  been  built  and  all  the 
masonry  for  the  exterior  steps  and  platforms  put  in. 
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It  is  fuuDd  tbat  some  of  the  limestone  8te|>s  and  platforms  of  the 
other  sbopfi  have  been  iujnred  by  the  action  of  the  atmosphere,  water^ 
and  frost  la  this  severe  climat«,  and  by  vear.  Un  this  account  I  have 
built  the  shops  and  platforms  of  this  shop  of  granite.  They  add  much 
to  the  appearance  of  the  building,  and  are  jtractically  imiierishiible. 
The  only  objection  to  its  use  is  the  cost.  The  first  cost  of  the  stone  is 
about  double  that  of  dimension  limestone,  and  the  cost  of  cutting  about 
Ave  times  tbat  of  limestone. 

OTHER    WORK. 

The  window  framer*,  snsti,  doors,  and  door  frames  fur  this  shop  hava 
ail  been  manufactured  in  tbe  itrsenal  shops,  and  paiuted;  the  sewertt 
have  beeu  put  in,  a  portion  of  the  brick  for  th^  fire-proof  arches  baa 
been  purchased,  a  good  deal  of  grading  has  been  done  around  the  sho[», 
and  the  whole  of  the  court  has  been  graded  and  pave<i. 

Shop  U. 

(An  iron-finishing  shop  for  the  armory.) 

The  work  done  on  this  building  during  the  tiscal  year  Ik  as  follows : 

IRON    WORK. 

All  the  iron  beams  for  the  second  floor  have  been  purchased  and 
fitted  in  the  antenal  shops ;  tbe  columns  and  iron  cap»  and  bases  for  the- 
first  story  have  been  cast  smd  fitted  in  the  arsenal  shops,  and  tliis  iron 
work  pnt  up. 

STDNK    WORK. 

The  »tone  for  the  second  story  has  been  jmrcbased  and  cut,  and  tbe 
walls  of  this  story  built,  and  about  one-half  of  the  stone  for  the  third 
story  has  been  purchased  and  cut.  About  one-half  of  tiic  area  walls 
has  been  built.  A  |H>rtion  of  the  lumber  re<]uireid  for  this  building  has. 
also  been  puroliased  and  stacked  for  seasoning. 

Shop  K. 

(A  finishing  and  stocking  shoj)  for  the  armory.) 

This  shop  waM  commenced  in  July,  18K1.  The  work  done  on  it  during 
the  fiscal  year  is  as  follows: 

All  the  excavations  for  the  bawement  storj- — about  11,800  cubic  yaids 
—hare  been  made,  and  the  material  obtained  therefrom  used  in  grading 
about  the  building. 

Excavations  for  foundations  were  inaile  and  foundations  for  abimt 
two-thirds  of  the  main  walls  and  two-thirds  of  the  piers  were  put  ia 
dnring  the  fiscal  year. 

As  the  whole  of  the  foundations  have  been  completed  before  writing 
this  report,  I  have  prepared,  and  transmit  herewith,  a  drawing  showing 
all  the  foundations  on  one  sheet.    (See  Plate  1.) 

All  the  tboting-stoues  for  the  main  wall  have  been  purchasetl,  and 
two-thirds  of  them  set,  and  523  cubic  yards  of  stone  for  the  basement 
Ktorj'  purchased  and  cut. 

The  front  area  wall,  containing  41,600  cubic  feet  of  masonry,  has  beei^ 
built,  and  a  portion  of  tlie  sewers  for  the  building  put  in. 
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from  two  large  saw-mills  located  on  the  Moline  shore  below  the  poiut 
where  the  coffer  would  have  reached  the  shore;  would  have  left  their 
logs  on  the  bottom  of  the  i)ool,  cut  off  the  supply  of  logs,  and  compelled 
the  mills  to  shut  down  for  several  months,  probably  from  September  1, 
1881,  to  April  1,  1882. 

In  consequence  of  protests  from  the  mill  companies  I  changed  the 
proposed  location  of  the  coffer  and  ran  it  down  nearly  parallel  to  the 
Moline  shore  about  2,000  feet,  and  then  into  the  shore  below  the  m  ills 
at  a  point  about  900  feet  above  the  arsenal  bridge  to  Moline.  This 
made  the  total  length  of  the  coffer-dam  about  3,500  feet,  adding  greatly 
to  its  cost  and  the  dif&culties  of  constructing  it. 

In  the  latter  part  ot*  August  the  stage  of  water  had  fallen  to  2.7  feet, 
and  I  commenced  putting  in  the  coffer.  The  river  began  to  rise  at  once, 
bat  as  high  water  at  that  season  was  almost  unknown  I  supposed  it 
was  only  a  temporary  rise,  and  kept  on  with  the  work,  contending  with 
many  difficulties  and  incurring  great  expense. 

On  September  21  the  stage  h^  reached  7.5  feet,  and  I  was  compelled 
to  stop  work.  The  river  continued  rising  until  October  27,  when  it 
reached  a  stage  of  17.7  feet,  nearly  the  highest  water  ever  known  here. 
Before  the  work  stopped  1  had  completed  2,900  fe.et  of  the  coffer.  About 
one  half  of  this  was  washed  out  by  the  freshet,  and  the  work  could  not 
be  resumed  again  during  the  fiscal  year. 

The  total  expenditures  during  the  year  on  the  coffer,  in  procuring 
tools  and  in  making  provision  for  washing  out  deposits  was  $9,893.68 

ROCK  ISLAND  BRIDGE  AND  SHEER  BOOM. 

The  sheer  boom  mentioned  in  my  last  report  has  been  completed, 
anchorages  for  it  obtained,  and  the  boom  placed  in  position  and  used 
daring  this  summer. 

No  work  has  been  done  on  the  bridge  during  the  year  except  that  re- 
quired for  ordinary  care  and  preservation. 

Appended  hereto  is  a  statement,  marked  Appendix  G,  of  the  princi- 
pal traffic  on  the  bridge  during  the  year. 

As  you  are  aware,  no  collections  from  the  Chicago,  Bock  Island  and  Pa- 
cific Eailway  Company  on  account  of  freight  have  yet  been  made  under 
the  act  of  Congress  approved  March  3,  1881.  All  the  papers  relating 
to  this  matter  were  sent  to  you  February  21,  1882. 


APPENDIX  A. 

KocK  Island  Arsenal,  III., 

May  15, 1882. 

Sir  :  I  have  the  honor  to  submit  the  following  report,  with  accom- 
panying tables,  showing  amount,  kind,  and  cost  of  iron  rolled  at  this 
arsenal,  with  other  data.  The  mill  was  started  on  the  6th  of  March, 
and  the  rolling  finished  on  the  14th  of  April,  1882. 

KIND   OF   IRON   USED. 

The  iron  used  for  rolling  was  received  from  the  National  Armory, 
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iron  was  not  known.  The  amount  generally  aUowed  varies  Irom  10  to 
25  per  cent.,  but,  as  the  iron  was  comparatively  clean  and  free  from 
oxide,  it  was  thought  that  10  per  cent,  would  cover  all  losses  except  for 
the  largest  sizes.  It  was  found,  however,  that  this  allowance  was  not 
great  enough,  and  15  per  cent,  was  aUowed  for  all  the  larger  sizes  down 
to  and  including  1  inch  diameter,  and  10  per  cent,  for  all  sizes  under  1 
inch.  It  was  found,  as  was  to  be  expected,  that  the  loss  generally  in- 
creased with  size  of  pile.  Attempts  were  made  to  determine  exactly 
the  loss  of  weight  for  the  diflferent  sizes.  Table  No.  2  shows  the  results 
obtained  by  carefully  weighing  the  piles  before  they  were  placed  in  the 
furnace,  arid  the  bars  made  from  them.  The  results  obtained,  especially 
for  the  larger  sizes,  are  very  irregular,  but,  as  only  a  small  number  of 
the  larger  sizes  were  rolled,  no  good  opportunity  was  afforded  of  getting 
an  average  result  that  would  \^  reliable.  For  the  IJ,  |,  and  f  inch  the 
results  are  more  reliable,  but  it  was  found  practically  that  the  allow- 
ance above  given,  of  15  per  cent,  for  sizes  down  to  and  including  1  inch, 
and  10  per  cent,  for  sizes  below,  was  sufficiently  accurate  for  all  purposes. 
The  percentage  of  loss  is  given  in  weight  of  bar,  so  that  knowing 
this  weight,  and  adding  to  it  the  percentage  of  loss,  the  weight  of  the 
pile  will  be  obtained. 

RESULTS  OF  TESTS  AS  TO  QUALITY  OF  IRON. 

Table  No.  3  shows  the  results  of  tests  of  the  iron  rolled,  as  regards 
elasticity  and  tensile  strength.  The  first  column  gives  the  size  of  the 
bar  rolled;  the  second,  the  size  of  the  pile  from  which  it  was  made;  the 
third,  the  area  of  the  bar;  fourth,  area  of  pile;  fifth,  ratio  of  area  of 
bar  to  area  of  pile.  The  object  of  this  column  is  to  show  the  amount 
of  working  each  bar  received.  The  sixth  column  shows  the  diameter 
of  specimen  before  breaking;  the  seventh,  diameter  after  breaking; 
eighth,  area  of  cross-section  of  specimen  before  breaking;  ninth,  length 
of  specimen  after  breaking^  tenth  and  eleventh,  the  elastic  limit  and 
tensile  strength  per  square  inch  of  section.  The  specimens  were  all  10 
inches  in  length  between  shoulders. 

It  has  been  shown  by  experiment  that  for  any  given  iron  the  elas- 
ticity and  tensile  strength  depend  principally  on  the  amount  of  working 
the  iron  receives  in  the  rolls,  and  that  by  giving  the  same  amount  of 
working  to  iron  of  different  sizes  the  elasticity  and  tensile  strength  may 
be  kept  nearly  constant.  Beyond  a  certain  point,  however,  iron  may  be 
overworked  and  its  quality  injured.  One  of  the  objects  of  these  tests, 
therefore,  was  to  determine  the  amount  of  working  which  would  for 
this  iron  give  the  best  results.  From  the  table  it  will  be  seen  that  the 
results  obtained  are  irregular,  so  that  for  the  same  amount  of  working 
in  different  bars  the  same  elasticity  and  tensile  strength  are  not  ol^ 
tained,  and  it  is  also  seen  that  there  is  a  certain  amount  of  working 
which  does  not  give  a  good  result,  apparently  because  it  is  not  sufficient ; 
and  that  beyond  a  certain  amount  again  the  strength  of  the  iron  is  re- 
duced because  of  too  much  working.  The  greatest  ratio  of  area  of  bar 
to  pile,  and  consequently  the  greatest  amount  of  working  given,  is  36.5  in 
the  case  of  one  of  the  ^inch  bars,  and  the  tensile  strength  and  elastic 
limit  of  the  specimen  were  greatly  exceeded  in  other  bars  with  a  less 
amount  of  working. 

From  the  results  obtained  it  is  believed  that  the  proper  ratio  and  the 
one  giving  the  best  results  lies  between  20  and  25,  as  above  and  below 
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was  successfully  done,  and  the  rolls  worked  perfectly  when  finished. 
There  seemed  to  be  some  doubt  as  to  whether  the  turning  conld  be 
successfully  accomplished  with  the  appliances  at  hand,  as  there  was  no 
special  machine  for  roll  turning  at  the  arsenal,  and  the  rolls  had  to  be 
turned  in  a  large  lathe.  In  addition  to  this,  none  of  the  workmen  had 
had  any  experience  in  roll  turning. 

The  difficulty  in  using  the  lathe  for  this  purpose  was,  that  on  account 
of  the  weight  of  the  casting,  and  from  the  fact  that  the  lathe  centers 
would  rest  against  the  softest  and  most  porous  part  of  the  casting,  there 
was  some  danger  that  the  bearings  would  wear  irregularly  and  produce 
an  irregularity  in  the  grooves.  This  difficulty  was  overcome  by  the 
insertion  of  hollow  steel  bearings  in  the  ends  of  the  casting,  against 
which  the  lathe  centers  rested.  This  plan  was  suggested  by  Mr.  Shuuk, 
foreman  of  the  machine  shop,  and  a  slight  modification  made  by  Mr. 
Drayton,  master  machinist. 

An  accurate  drawing  of  the  grooves  having  been  made,  special  cut- 
ting tools  were  made  of  the  exact  shape  required  for  each  groove.  The 
grooves  were  first  cut  out  roughly  with  an  ordinary  c«tting  tool,  and 
then  finished  with  the  special  tool. 

For  the  3-inch  shafting  the  bars  were  first  cut  to  lengths  of  3  feet  8 
inches  and  piled  3  feet  8  inches  by  5^  by  3  inches,  weighing  162  pounds. 
These  were  then  heated  and  rolled  down  to  a  slab  4  feet  6  inches  by  6J 
by  1 J  inches;  weight  150  pounds.  Four  of  these  slabs  were  then  piled, 
4  feet  6  inches  by  6^  by  6  inches,  weighing  600  pounds,  and  rolled  into 
a  bar  20  feet  long  and  3  inches  diameter.  It  was  found  necessary  to 
reheat  all  these  piles  for  the  3-inch  shafting  after  two  passes  through 
the  roughing  rolls,  and  hence  only  three  of  them  could  be  handled  at 
one  heat.  It  wa«  intended  to  roll  the  3J  inch  into  bars  20  feet  long,  but 
it  was  shown  from  the  rolling  of  the  3  inch  that  weights  greater  than 
600  pounds  could  not  be  handled  without  some  mechanical  contrivance 
for  taking  the  iron  from  the  furnace  and  carr3ing  it  to  the  rolls,  and  in 
fact  the  mill  would  not  take  any  longer  pile.  It  was  therefore  decided 
to  roll  the  3J  inch  into  lengths  of  11  feet  and  weld  them.  This  required 
3  slabs,  making  a  pile  4  feet  6  inches  by  6J  by  4  inches;  weight  450 
pounds.  This  shafting  was  rolled  with  much  less  difficulty  and  labor 
than  the  3  inch  and  at  about  one-half  the  cost. 

AMOUNT  AND  KIND  OF  IRON   ROLLED. 

Table  No.  1  shows  amount  of  each  kind  of  iron  rolled.  A  table  was 
prepared  showing  the  amount  of  each  kind  of  iron  required,  and  this 
was  followed  as  closely  as  possible.  The  amount  rolled  is  slightly  in 
excess  of  that  required,  as  will  be  seen  by  the  table  when  the  amount 
required  by  the  bill  is  given.  This  excess  is  owing  to  the  fact  that  the 
ends  cut  off  from  the  roof  rods  are  counted  in  the  amount  of  iron  rolled. 
There  is  a  slight  deficiency  of  the  1^  and  If  inch  round  and  IJ  inch 
square. 

The  whole  weight  of  iron  rolled  is  280,381  i)ound8,  or  125-2^^^0  tons. 

COST  OF  IRON  ROLLED. 

This  is  shown  in  table  No.  4.  The  cost  of  labor  and  fuel  is  alone  con- 
sidered, and  the  repairs  and  other  incidental  expenses  are  given  separ- 
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ately :  the  estimated  valae  of  the  iron  used  in  rolling  is  also  left  to  be 
added.    The  total  amount  of  fuel  used  for  the  boilers  is  940  bushels,  or 
33^§|g  tons,  shavings  having  been  used  as  the  principal  fuel  during  the 
rolling. 
Respectfully  submitted. 

LAWRENCE  L.  BRUFF, 

Lieutenant  oj  (h^dnance. 
Commanding  Officer, 

Rock  Island  Arsenal. 
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Tablk  No.  1. — Showing  amount  and  kind  of  iron  rolled  at  Book 
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Island  Arsenal  J  vtith  amount  of  fuel  consumed,  and  cost  of  labor. 
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280,381  pounds,  or  125  AVt  tons. 


t  Slabs  for  3-inoh  shafting. 
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Table  No.  3.— 7ab(ea/rai«parJ«oii  0/  iron  roWtA  al  Rock  Island  Arsenal,  March,  18^. 
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Table  No.  3.— Table  ofcomparUon  of  iron  rolled  at  Socle  Island  Arsenal,  <f*c. — ContM. 


1^ 

-I 


Inehss. 


a 

o 

s 
s 


II 


It 


4 
3 
1 
2 
4 
1 
2 
2 
2 


^^TtMire. 


7x5  x5 
IxHxei 
1x6  x7 
9x4ix5| 
7x4  x4 
Ix4|x5i 
3  X  4{  X  54 
9x4   x5 
2x5  x5 
2x5  x5 
1x7   X 
Ix5ix4j 


o 
d 


Sq.  ineh. 
17611 
2.7611 
2.4052 
2.4052 
2.4052 
2.4052 
1.7671 
1.7671 
1.4849 
1.4849 
3. 1416 
1.2271 
1.2271 
1.2271 
1.2271 
1.2271 
1.2271 
1.2271 
0.9940 
0.9940 
0.9940 
0.7854 

id) 
0.9940 
0.7854 
0.7854 
0.60182 
0. 60132 
0.60132 
0.60182 
0.4418 
0. 4418 
0.4418 
0.4418 
0.4418 
0.4418 
0.  4418 
0.  4418 


o 


8q.  in. 
25 

35.75 
42 

24.75 
16 

24.75 
24.75 
20 
25 
25 
38.5 
24.75 
24.75 
24.75 
24.75 
24.75 
39 
39 

24.75 
24  75 
24.75 
24.76 


9>£ 


1^ 


9.0543 
12.947 
17.462 
10.290 

6.652 
10.290 
14.006 
11.318 
16.836 
16.836 
12.254 
20.169 
20.169 
20.169 
20.169 
20.160 
81.782 
31.782 
24.809 
24.899 
24.899 
3L513 


20 

24.75 

24.75 

22 

18 

18 

18 

14 

14 

14 

14 

14 

14 

14 

14 


20.121 
3L  613 
31.  513 
36.586 
29.934 
29.934 
29.934 
31.689 
81.689 
31.6S9 
31.689 
81.689 
31.689 
31.669 
31.089 


I 

I- 


Inches. 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

;   1.000 

0.850 
0.850 
0.800 
0.800 
0.792 
0.800 
0.800 
0.805 
I  0.7.'iO 
0.805 
0.805 

0.750 
0.805 

I  0.800 
0.805 
0.592 
0.630 

I  0.506 
0.630 
0.600 
0.630 
0.630 
a  630 
0.625 
0.035 
0.  630 

I  a  630 


a. 

u 

«5 


§ 

5 


Inehet. 
0.710 
0.684 
0.72 
0.71 
0.72 
0.756 
0.674 
0.670 
0.690 
0.673 
0.606 
0.550 
0.515 
0.561 
0  606 
0.5 
0.543 
0.543 
0.67 
0.555 
0.525 
0.682 

0.475 

0.572 

0.584 

0.39 

0.44 

0.425 

0.3L 

0.37 

0.39 

0.43 

0.54 

0.423 

0.424 

0.415 

0.41 

0.476 


9 

*->  a  u> 

o  o  s 


Sq.  inches. 
0.7854 
0.7854 
0.7854 
0.7854 
0.7854 
0.7854 
0.7854 
0.7854 
0.78.H 
0.7854 
0.7854 
0.5674 
0.5674 
0.5027 
0.5027 
0.4926 
0.5027 
0.5027 
0.5089 
0. 4418 
0.5089 
0.5089 

0.4418 
0.5089 
0.5027 
0.5089 
0.2753 
0.3117 
0. 2011 
0.  3117 
0.2827 
0.8117 
0.3117 
0.  3117 
0,3068 
0.3167 
0.  3118 
0.3118 


Inches. 
13 

12.6 
12.8 
12.7 
13.1 
12.9 
13 
13 
13 

18.1 
13.1 
12.5 
12.8 
12.9 
12.5 
12.9 
12.6 
12.6 
13.1 
12.1 
13 
12.1 


5 
7 
7 


12. 

12. 

12. 

13 

12 

12 

12 

12.5 

12.5 

12.5 

12.2 

12.1 

12.8 

12.5 

11.7 

11.3 


^9 

6  el 

•^  a 
*»    .a 

«  |4  o 


4  «  S 
n 


21,645 
24,191 
21.645 
21,645 
21,645 
91.645 
25,464 
25,464 
26,738 
25,464 
24,191 
24.674 
29.961 
35.810 
35.810 
28,417 
27.862 
25,863 
31,437 
27.168 
25,542 
19,648 

22.635  I 
23,578 
21.884  I 
27,608  , 
25,431  ' 
28,872  I, 
24,864  > 
25,664  ' 
24,758  ! 
21,814 
23.097 
25.022 
22,817 
22,104  ' 
21. 816  ! 
38,496  I 


Pounds. 
44,818 
46,218 
45,964 
45,964 
45.964 
47, 6A) 
48,510 
46.728 
46,855 
46,601 
47, 110 
43.356 
44.060 
48,940 
51,726 
47, 701 
49,838 
49,338 
47,942 
48,667 
48,3.36 
47,549 

48.665 
51,085 
49,338 
50,300 
48,683 


48,237 
46,837 
47,  747 
47,478 
61.008 
48. 761 
49.646 
49. 676 
47.800 
57,423 


a  Not  taken. 


b  Not  rolled. 


e  Not  known. 


d  Unknown. 


Table  No.  4. — Sh4}mng  cost  of  iron  rolled  at  Rock  Island  Arsenal, 


Kind  of  iron. 


l|-inch  diftmeter 

l|-inch  diameter 

l|-inch  diameter 

l{-inch  diameter 

2  inch  diameter 

2i-incta  diameter 

21-incb  diameter 

2|-inch  diameter 

2|-inch  diameter 

ll-inch  diameter 

l|-incta  sqnare  grate  bars. 
It-inch  sqnare  roof  iron  . . 

1 -inch  diameter 

liinch  diameter 

It-inch  diameter 

{-inch  diameter 

l-inch  diameter 

3-inch  shafting 

3|-inch  shafting 


Total. 


Amonnt 
rolled. 

Cost  of 

labor. 

I 

4 

Cost  of 
fuel. 

Total  cost. 

Cost  per 
pound. 

Pounds. 

! 

15,726 

1        $126  78 

$40  18 

$166  96 

10.0106 

15,621 

135  68 

38  98 

174  66 

.  01125 

4.343 

36  56 

12  38 

48  94 

.011268 

7,634 

69  21 

19  52 

88  73 

.011623 

11,467 

88  95 

22  54 

111  49 

.009722 

3.202 

27  67 

5  16 

82  85 

. 010239 

14,048 

136  87 

20  06 

156  93 

. 011171 

1.746 

14  84 

3  22 

18  06 

.010344 

2.400 

20  92 

3  88 

24  80 

.  010338 

12,336 

91  21 

23  23 

114  44 

.0092776 

3.926 

36  44 

9  61 

45  95 

.011704 

2,892 

27  26 

7  06 

34  32 

.011867 

18,  019 

143  44 

33  75 

177  19 

.0098335 

46.994 

379  74 

91  37 

471  11 

.010025 

26,260 

204  45 

37  36 

241  81 

.0092083 

22,570 

194  04 

42  96 

237  00 

.  010501 

27,685 

326  69 

88  95 

415  64 

.  015013 

17,729 

501  17 

139  57 

640  74 

.036982 

25,884 

321  11 

63  10 

384  21 

.01484 

280,381 

2,883  05 

702  78 

3,585  83 
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OTHER  EXPENSES  IN  ROLLING  MILL. 


Machine  shop. 


Fittinjc  up  mill  to  run 

Repairing  tools  and  fixtures 
Repainng  furnace 


Cost.  Carpenter  shop.  .  Material.   Labor 


$27  20     Putting  on  belts  and  repairinK  ma-  i 

57  94         chinery , ,  $26  00 

17  33  jt  Making  patterns  for  roUs $2  00  ,  10  80 

Mak ing  iron  straps  for  piles I    14  48  i   Making  patterns  for  gnides 40  13  50 

Turning  and  testing  samples '    85  72      Making  water  trough  (casting) |         4  00  1  80 

j .   Making  mauls  and  handles  and  re-  , 

Total 1202  67         paiiing  tools    3  15 

Total  6  40  65  25 

6  40 


6]  65 
202  67 


Total  amount , 264  32 


OnepairroUs '■ 177  73 


Estimated  weight  of  iron  used,  329,860  pounds,  at  1  ccnt=$3,298.60. 

SUMMARY. 


Bar  iron  manufactured,  236.768  pounds,  worth  3|  cents  i>er  pound $8, 287  98 

Shafting  manufactured,  43,613  pounds,  worth  4|  cents  per  pound , ;        1,942  63 

Total j      10,230  51 

COST.  ! 

Labor $2,883  05  ; 

Coal 702  78  ' 

Freight  on  165  tons  iron  from  Springfield,  at  $5.60  per  ton j         924  00  j 

Cost  of  one  pair  of  rolls 177  73 


General  expenses,  repairs,  Sec 


264  32 


TotAl ! ,        4.951  88 


Saving I ,        6,278  63 

Estimated  value  of  165  tons  scrap  at  Springfield,  at  $15  per  ton >        2,475  00 

Leaves | ,        2,803  63 


APPENDIX  B. 

(See  Plates  III  and  IV.) 

In  1871,  foreseeing  the  importance,  in  connection  with  plans  for  the 
transmission  of  power,  of  having  the  water-power  dam  i)arallel  to  the 
lines  of  the  shops,  no  matter  what  plan  for  transmission  I  might  finally 
adopt,  I  made  a  preliminary  survey  to  see  if  the  dam  could  be  so  placed. 
At  that  time  only  Shops  B  and  C  were  bailt  or  partially  built.  The 
surveyor  was  several  hours  in  getting  an  accurate  base  line  by  prolong- 
ing the  lines  of  one  of  these  shops;  and  seeing  then  the  difficulty  and 
great  danger  of  error  in  using  such  lines  for  future  surveys,  I  at  once 
established  the  bench-mark  lines  on  Main  avenue  and  West  avenue, 
marked  by  the  cut-stone  posts  and  copper  plugs  at  corner  of  West  and 
North  avenues,  corner  of  Main  and  West  avenues,  and  corner  of  Main 
and  East  avenues.  (For  reasons  given  further  on,  the  latter  has  lately 
been  moved  2^  inches  south,  and  also  east  across  East  avenue,  but  the 
latter  move  has  no  effect  on  the  east  and  west  line  it  established.) 

I  then  gave  careful  orders  that  all  future  surveys  should  be  made 
from  these  bench-mark  lines,  particularly  in  laying  out  the  shops,  lines  of 
shafting,  the  dam,  and  transmission  lines. 
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I  I  have  lately  discovered  that  this  order  has  been  uniformly  disobeyed, 

and  the  resalt  is  as  shown  on  Plate  III. 

The  lines  of  shops  have  been  laid  out  by  trying  to  follow  the  lines  of 
Shops  B  and  G  as  first  established.  The  result  is  that  the  west  end  of 
the  arsenal  row  is  7|  inches  nearer  the  Main  avenue  bench-mark  line 
than  the  east  end,  and  the  west  end  qf  the  armory  row  is  2|  inches 
forther  from  the  same  line  than  the  east  end,  making  the  distance  be- 
tween the  two  lines  of  shops  5  inches  less  at  the  west  end  than  at  the 
east  end.  Again,  by  trying  to  make  surveys  from  these  undeterminate 
lines,  the  water-power  dam  was  so  laid  out  that  its  east  end  is  fully  4.29 
,  inches  too  far  south  for  the  position  of  its  west  end.    Then,  again,  in  sur- 

veying for  the  great  water-power  shaft,  an  attempt  was  made  to  follow 
the  erroneous  lines  of  the  dam,  but  so  unsuccessfully  that  the  line  of  the 
shaft  prolonged  to  the  east  end  of  the  dam  departs  13.66  inches  north 
from  a  line  parallel  to  the  dam,  making  the  total  departure  of  this  water- 
power  shaft  line  north,  at  the  east  end,  from  a  line  parallel  to  the  B.  M. 
line,,  nearly  8  inches.  (This  departure  is  in  the  656  feet  of  dam  between 
centers  of  the  two  extreme  counterforts.)  This  is  all  shown  on  Plate 
in.  In  June,  1882,  when  these  errors  were  discovered,  a  line  parallel  to 
the  water-power  shaft  was  prolonged  to  D;  then  the  perpendicular  line 
Dm  was  surveyed,  and  the  lines  €/*,  ghy  hlj  and  mn,  all  parallel  to  the 
water-power  shaft,  were  then  laid  off  with  the  results  shown  on  the 
drawing.  The  drawing  also  shows  that  the  lines  for  the  temporary 
wire-rope  transmission  had  not  been  accurately  surveyed. 

The  lines  of  shafting  in  Shops  A  and  G  had  been  put  up  prior  to  this 
surA^ey,  and  measurements  showed  that  they  \iad  been  placed  parallel  to 
the  erroneous  lines  of  Shops  A  and  C,  instead  of  perpendicular  to  the 
bench-mark  line  BC,  as  they  should  have  been.  This  has  made  the 
south  end  of  these  lines  (300  feet  long)  depart  to  the  west  about  1^ 
inches. 

In  making  careful  surveys  (in  June,  1882),  to  correct  and  a^ust  these 
discrepancies  I  found,  first,  that  the  bench-mark  line  BC  on  Main 
avenue,  was  not  exactly  perpendicular  to  the  bench-mark  line  AB  on 
West  avenue,  as  it  should  be.  The  east  end,  C,  was  2^^^  inches  too  far 
north.    I  then  moved  the  post  C  2^  inches  south,  as  has  been  stated. 

The  reasons  for  this  were  as  follows:  It  is  necessary  that  angle  at  B, 
between  the  two  bench-mark  lines,  should  be  a  right  angle. 

Some  important  surveys  have  been  made  from  the  line  AB,  and  this 
line  could  not  be  changed. 

The  great  transmission  shafts  which  are  to  run  through  both  the 
armory  and  arsenal  rows  of  the  shops  (see  lines  EF  and  HK,  on  Plate 
IV)  are  to  be  parallel  to  the  line  BO,  and  it  is  important  that  these 
shafts  should  be  as  nearly  as  ]>08sible  parallel  to  the  rows  of  shops. 
The  move  of  the  stone  G  makes  these  lines  more  nearly  parallel.  It 
leaves  the  divergence  between  the  line  BC  and  the  armory  shaft  EF 
only  {^  inch  in  1,588  feet,  which  is  less  than  the  limit  of  accuracy  in 
setting  shafting.  The  piece  of  tlie  shaft  EF,  and  the  large  engine  in 
Shop  F,  are  now  set  to  the  lines  of  Shop  F,  and  need  not  therefore  be 
corrected.  It  leaves  the  divergence  of  the  arsenal  row  of  shops  from 
the  line  BC,  and  consequently  from  shaft  HK,  5^^  inches  in  1,688  feet. 

The  main  lines  of  shafting  in  Shops  A  and  C  having  been  already  set  to 
the  lines  of  the  shops,  and  it  bein^  absolutely  necessary  that  they  should 
be  placed  exactly  perpendicular  to  the  transmission  shaft  HK,  it  makes 
their  divergence  in  their  whole  hiifrth,  300  feet,  a  little  less  than  one 
inch,  their  south  ends  being  too  far  west.  It  will  therefore  be  necessary 
when  the  transmission  shaft  HK  is  laid  and  connected  with  the  shop 
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main  lines  of  shafting  to  adjust  the  latter  by  moving  their  south  ends 
about  J  inch  east  and  their  north  ends  about  i  inch  west.  The  hanger- 
bolt  holes  admit  of  this  amount  of  adjustment  without  moving  the  bolts. 

I  have  set  copper  plugs  in  the  window  sills  at  «,  &,  c,  d,  e,  /,  </,  and  h, 
to  establish  accurately  the  required  direction  of  main  lines  in  Shops  A 
and  G,  and  will  place  other  plugs  similarly  in  all  of  the  shops. 

For  greater  convenience  in  using  the  bench-mark  line  BC,  I  estab- 
lished another  stone,  O,  midway  on  this  line.  Having  established  the 
new  bench-mark  line  BO  on  Main  avenue,  as  has  been  described,  I  then 
laid  off  a  right  angle  at  O,  and  set  the  stone  D,  establishing  the  new 
bench-mark  line  CD  perpendicular  to  BC.  The  north  and  south  lines 
of  the  permanent  transmission,  when  buUt,  are  to  be  established  accu- 
rately parallel  to  CD. 

Finally  I  extended  the  line  CD  to  M' ;  laid  off  a  right  angle  at  M', 
and  put  copper  plugs  in  the  dam  wall  at  M  and  TS",  thus  making  very 
careftilly  and  accurately  a  line  parallel  to  the  proper  and  required  posi- 
tion of  the  great  lines  of  water-power  shafting  on  the  dam. 

One  hundred  and  two  feet  of  this  great  shaft  are  already  laid  and 
erroneously  laid.  As  shown  on  Plate  IV,  the  east  end  is  too  far  north, 
and  would  depart  from  the  correct  line  7.95  inches  in  656  feet.  This 
line  must  be  corrected  whenever  the  permanent  transmission  is  built. 
It  is  proposed  to  make  the  correction  by  leaving  the  shaft  unmoved 
over  the  first  water-wheel,  and  moving  the  east  end  of  the  shaft  nearly 
J  of  an  inch  south,  and  the  west  end  about  -^  north.  This  will  leave 
water-wheel  No.  1  unmoved,  and  require  that  wheel  No.  2  be  moved  ^ 
Inch  south;  wheel  No.  3  f  inch  south,  and  wheel  No.  4  |  inch  south. 
This  readjustment  of  the  water-power  shaft  is  not  objectionable  because 
of  what  follows. 

At  the  time  the  water-power  dam  was  planned  and  constructed,  I 
placed  it9  top  line  above  the  level  to  which  any  high  water  ever  known 
in  this  region  would  have  raised  the  water  in  the  pool.  The  high  wa- 
ter of  June,  1880,  raised  the  water  in  the  pool  8  ioches  above  the 
dam.  In  consequence  of  this,  and  to  meet  the  probable  still  higher 
rises  in  the  future,  due  to  cutting  away  forests  in  Wisconsin  and  Min- 
nesota, I  believe  it  to  be  necessary  to  raise  the  dam  2  feet.  This 
work  need  be  done  only  as  water-wheels  are  set,  and  the  wheel-house 
is  extended,  leaving  the  water  to  flow  over  the  unoccupied  part  of  the 
dam  in  case  such  high  water  occurs  again.  To  meet  the  pressure  on 
this  increased  height  of  dam,  it  is  necessary  that  the  counterforts  should 
be  raised  also.  If  the  counterforts  are  raised,  it  will  of  necessity  raise 
the  water-power  shaft.  My  experience  with  the  water-power  and  with 
the  temporary  transmission  now  in  operation  convinces  me  that  the 
shaft  should  be  raised  4  feet.  If  then  wire-rope  transmission  is  used 
with  driving  pulleys  24  feet  in  diameter,  as  I  propose,  it  will  not  be  ne- 
cessary to  further  deepen  the  pulley  and  wire-rope  pit  under  the  pulley- 
house.  It  should  not  be  ftirther  deepened  because  of  the  difficulty  in 
contending  with  back  water  in  the  pit,  in  times  of  very  high  water. 

If  bevel-gears  and  north  and  south'lines  of  shafting  are  used  instead 
of  wire  ropes  (I  now  think  that  upon  further  examination  this  latter 
plan  will  be  deemed  more  advantageous  than  the  wire  rope),  then  this 
raise  of  the  shaft  will  be  very  desirable,  because  it  will  diminish  the 
objectionable  slope  of  the  north  and  south  lines  of  shafting,  and  will 
also  diminish  the  depth  of  excavation  required  between  South  and  North 
avenues. 

This  raising  the  shaft  4  feet  will  require  raising  the  counterforts  4 
feet.    This  further  raising  of  the  counterforts  will  strengthen  the  dam 
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Still  more,  which  I  deem  important.  Then  to  strengthen  the  coanter- 
fort8,  which  may  be  desirable  on  account  of  their  increased  heights  and 
for  other  important  reasons,  I  think  it  desirable  to  abandon  the  6^  feet 
of  iron  partitions  between  the  penstocks,  and  replace  it  by  extending 
the  counterforts  down  stream  south,  to  the  extreme  south  line  of  pen- 
stocks, and  enough  farther  to  allow  3  feet  of  *batter  on  the  south  ends 
on  the  counterforts.  I  would  also  use  cast-iron  angle-iron  for  fastening 
the  iron  penstocks  to  the  counterforts  instead  of  Phoenix  half  columns, 
it  being  quite  as  good  and  much  cheaper.  As  it  will  be  necessary  when- 
ever new  wheels  are  set  to  coffer  and  bare  the  bottom  of  the  river  to  ex- 
cavate and  put  in  masonry  to  carry  the  water-wheel  floors,  this  exten- 
sion of  the  counterforts  can  be  then  made  without  much  trouble,  and 
will  not  be  much  more  expensive  than  the  iron  partition.  The  pro- 
posed changes  in  the  dam  and  portion  of  the  water-power  shaft  are 
shown  in  Fig.  2,  on  Plate  IV.  The  broken  lines  show  the  lines  of  the  dam 
and  counterfort,  and  position  of  shaft  as  it  is  now  built. 


APPENDIX  C. 
Abeiracl  of  record  kept  at  the  Rock  Island  Bridge  during  the  year, 

PASSING  NORTH. 

Engines  with  trainH 6, 198 

En^nes  without  trains 470 

Total  engines 6,668 

Pa8i!»eu2er  care 9,104 

Freight  care 109,535 

Foot-pasaengere 242,837 

Teams 162,380 

Steamboata,  up w 1,448 

Barges '. 203 

PASSING   SOUTH. 

Engines  with  trains 6, 267 

Engines  without  trains 356 

Total  engines 6,623 

Pa88enger  care 9,061 

Freight  care 106,191 

Foot-passengere - 248,203 

Teams 164,367 

Steamboats^  down 1,469 

Barges 208 

Rafts 1,046 
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Appendix  11.. 

REPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  BENICIA  ARSENAL, 
CALIFORNIA,  DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  18tf2. 

OOL.  J.  MCALU8TBB,  ORDNANCE  DEPARTMENT,  COMMANDING. 

Benicia  Arsenal^  Gal., 

August  21, 1882. 

General  :  I  have  the  honor  to  snbmit  the  following  report  of  the 
principal  operations  at  this  arsenal  daring  the  fiscal  year  ending  Jane 
30, 1882 : 

TIMBER  SHED. 

This  bnilding  is  of  wood,  142  feet  by  30  feet,  one  story  high.  The 
roof  projects  over  sides  and  gables  3  feet,  supported  by  brackets.  The 
sides  are  closed  by  panels ;  it  has  six  pairs  of  sliding  doors.  The  floor 
is  divided  by  three  roads  at  eqaal  distances  from  each  other,  and  the 
spaces  between  roads  and  gable  ends  are  floored.  Teams  c«n  drive 
through  it  and  deiK>sit  in  it,  or  remove  lumber  from  it,  very  easily. 

WHARF. 

The  wharf  has  been  extended  on  both  upper  and  lower  ends  thus : 

A 


Tide. 


Outside  face. 


The  three  inside  faces  have  been  sheathed  with  vertical  piles  or  plank 
4  inches  thick.  Each  of  these  piles  has  been  driven  20  feet  into  the 
mud,  the  upper  ends  being  spiked  on  to  the  stringers ;  one  of  the  latter 
is  at  the  top  and  the  other  at  low- water  mark  on  wharf.  The  tide,  there- 
fore, cannot  deposit  any  slickens  or  dSbris  which  may  come  from  the  land 
side  under  this  wharf.  The  tide  impinges  on  inclined  face  A  B,  and  is 
forced  into  the  channel  between  the  old  and  new  wharf,  scouring  it  out 
and  keeping  the  channel  between  the  wharves  free  of  deposit.  Up  to 
this  time  this  has  proved  a  success ;  the  water  at  the  front  of  the  old 
and  inside  wharf,  although  the  face  of  the  latter  is  not  parallel  to  the 
face  of  the  new  one  nor  to  the  tide  line,  is  still  deep  enough  to  allow 
laden  vessels  to  discharge  their  cargoes.  When  the  front  face  of  the 
old  wharf  is  built  out  parallel  to  the  tide  line  and  sheathed  as  the  new 
one  is,  there  will  be  a  channel  boarded  up  on  each  side,  with  no  still  water 
in  whiiiii  dSbris  can  be  deposited. 

FREiaHTHOUSB  AT  ARMY  POINT  STATION. 

This  building  is  of  wood,  40  feet  by  20  feet,  one  story  high,  with  a 
high  front  platform  on  level  with  the  floors  of  the  freight  cars,  and  ex- 
tending nearly  to  the  side  track  of  the  railroad.  Two  shiftisg  tram- 
ways are  used  to  connect  the  freight  cars  with  platform. 
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It  bas  two  sliding  doors  opposite  each  other.  Wagons  and  carts  re- 
ceive and  deliver  the  freight  from  the  door  furthest  from  the  track. 
The  roof  of  this  building  projects  over  sides  and  gables  and  is  supiwrted 
by  brackets.  Under  the  same  roof  is  the  waiting  room  for  passengers 
and  the  ticket  and  freight  office. 

ARTESIAN  WELL. 

At  the  termination  of  the  last  fiscal  year  a  cartridge  of  dynamite  had 
been  exploded  in  the  well,  some  920  feet  from  the  surface,  to  open  the 
seams  in  the  water-bearing  stratum,  and  thus  a  final  attempt  was  made 
to  obtain  a  flowing  well.  This  experiment  proveil  a  failure,  the  water 
only  rising  a  few  teet  in  the  well.  No  doubt  this  small  rise  was  due  to 
the  large  amount  of  gas  which  rushed  up  the  well  from  its  subterranean 
storehouse. 

After  a  few  days  the  water  receded  to  its  normal  position,  i.  e.,  about 
15  feet  below  the  surface  of  the  ground.  It  was  ascertained  by  gauging 
the  interior  of  the  well-hole,  that  the  double  sheet-iron  casings  were 
'bent  inwards  in  some  places,  and  they  had  to  be  swedged  out  to  adroit 
the  tools  em)>loyed  to  bore  through  the  debris  of  iron,  rock,  and  sand 
Svhich  filled  the  bottom  of  the  well. 

The  well  was  chocked  up  by  this  conglomerate  for  36  feet,  this  being 

the  efiect  of  the  explosion  on  the  pipes  and  walls  of  the  well;  70  iHiunds 

t>f  iron  and  nearly  a  ton  of  shale  and  rock  being  removed  from  the  well. 

It  was  ascertained  as  the  above  was  taken  out  that  the  walls  and 

*oof  of  the  cavity  created  by  the  subterraneous  explosion  of  the  petard 

Keie  continually  caving  and  filling  up  the  well-hole.    Before  taking 

iny  measures  to  secure  the  water  for  use,  it  was  necessary  to  ascertain 

^e  quantity  and  quality  of  the  water  that  the  well  could  supply,  and 

rhat  efiect,  if  any,  the  firing  of  the  cartridge  had  exercised  upon  that 

fcipply. 

A  deep- well  pump  at  the  end  of  a  two-inch  diameter  pipe  was  inserted; 
bis  last  had  an  India-rubber  packer  around  it  about  40  feet  from  the 
pttom,  to  fill  up  the  well-hole  between  its  outside  and  the  walls  of  the 
fell,  so  that  none  but  the  water  which  entered  the  well  from  the  9*-50- 
>ot  level  wouUl  be  raised  by  the  pump.    It  was  necessary  to  try  to 
Itimate  the  quality  of  the  water,  and  the  amount  and  quality  of  the  ga« 
hich  could  be  obtained  from  this  deep  source  when  uncontaminated 
y  water  and  gas  which  might  enter  the  well  hole  from  the  upper  levels, 
fter  these  arrangements  were  completed  an  endeavor  was  made  to 
thaust  the  water  by  pumping  continuously  night  and  day  for  several 
l.vs  and  nights,  until  all  were  satisfied  that  the  supply  of  water  fur- 
fshed  by  this  well  was  inexhaustible.    A  rude  gasometer  was  manu- 
etured  in  which  to  store  the  gas  coming  up  with  the  water. 
This  natural  gas  was  then  examined  with  a  view  to  employ  it  in  driv- 
g  a  gas  engire  to  pump  the  water  up  out  of  the  well,  to  heat  a  steam 
iler,  and  for  illuminating  purposes.    It  was  ascertained  that  the  vol- 
le  of  gas  discharged  hourly  (according  to  the  registry  of  an  onlinary 
enty  light  gas  meter)  was  exactly  18  cubic  feet  per  hour  arid  of  not 
ire  than  six  candle  power.    The  whole  flow  of  such  a  gas  would  de- 
lop  in  a  gas  machine  not  to  exceed  two- thin  Is  of  one  horse-power 
itinuously,  and  a  careful  gasometric  analysis  would  most  probably 
luce  even  the  above  estimate. 

[n  reference  to  using  this  gas  as  an  illuminating  power  we  were  dis- 
points.  An  argand  burner  consumes  5  cubic  feet  of  common  coal 
I  per  hour,  yielding  light  equal  to  that  of  16  candles.    The  whole 
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flow  of  tbis  natural  gas  wonld  only  furnish  a  light  equal  to  less  than 
one  and  a  half  such  burners.  This  gas  can  be  utilized,  however,  as  it 
has  been  hitherto,  i.  e.,  to  save  a  portion  of  the  fuel  expended  in  the 
grate  of  the  boiler  furnishing  steam  to  the  cylinder  which  is  to  work 
the  pump  when  there  is  no  wind  to  propel  the  fans  of  the  mill. 

This  natural  gas  is  of  the  nature  of  fire-damp  or  marsh  gas;  there  are 
no  traces  of  sulphur  in  it  and  it  is  inodorous. 

iDo  make  this  well  a  permanent  source  of  water  to  the  government  it 
was  necessary  to  protect  its  walls  in  a  substantial  manner  from  caving 
through  its  whole  extent  of  938  feet.  It  was  anticipated  that  this  could 
be  effected  by  employing  the  7inch  artesian  wrought-iron  well  tubing 
received  from  Philadelphia,  and  the  joints  of  which  would  be  water 
tight  when  screwed  together. 

On  ganging  the  well,  however,  it  was  ascertained  that  this  pipe  would 
not  enter  the  well  hole  to  a  greater  depth  than  495  feet;  we  used  the 
swedge  with  all  the  power  available,  but  could  not  press  out  the  double 
sheet  iron  Sinch  pipe,  which  was  flattened  at  this  point.  It  was  a  ques- 
tion whether  we  should  cut  away  the  portion  of  pipe  intruding  into  the 
well  by  using  the  cutter  and  then  the  drills,  and  thus  enlarge  the  well 
sufficiently,  or  employ  a  smaller  diameter  of  pipe  below  this  point,  con- 
necting it  with  7-inch  tubing  by  a  reducer.  We  ascertained  by  impres- 
sions that  there  were  other  points  below  this  one  at  which  the  sheet- 
iron  casings  had  not  maintained  their  circular  shape,  and  that  we  might 
have  to  cut  away  the  pipes  in  the  well  below  thispoint  at  several  places. 
It  was  therefore  determined  to  pursue  the  latter  expedient. 

The  size  of  this  lower  pipe  was  determined  by  the  diameter  of  the 
barrel  of  the  pump  that  would  most  probably  be  used  in  the  well. 

We  were  using  a  2-ineh  pump  at  the  time,  but  as  in  the  future  a  3  inch 
pnmp  might  be  preferred,  it  was  determined  to  employ  438  feet  4  indi 
diameter  pipe  in  the  lower  portion  of  the  well.  This  has  been  done,  and 
the  walls  of  the  well  are  well  protected  by  the  outer  double  sheet-iron 
pipes  of  No.  20  iron,  and  by  the  inner  wrought-iron  pipe,  with  hermeti- 
cally sealed  joints,  which  extends  from  the  bottom  to  top. 

The  lower  30  feet  of  the  4inch  pipe  is  perforated  with  holes  to  allow 
the  water  to  enter  it  freely,  and  this  pipe  rests  on  the  bottom  of  the  well. 
The  sheet-iron  pipe  at  the  bottom  of  the  well  was  all  broken  and  torn 
to  threjuls  by  the  explosion  of  the  cartridge,  and  the  water  passes  from 
the  subterranean  springs  or  stream  directly  into  the  wrought-iron  pipe. 
As  the  water  covers  both  sets  of  tubing  at  all  times  to  within  15  feet  of 
the  top,  there  is  no  chance  of  oxidation  of  the  metal  composing  the 
casings,  and  they  will  be  preserved  in  their  normal  contlittou  forever. 
A  permanent  supply  of  water  is  thus  secured  to  the  government  for  the 
boilers,  for  irrigation  and  for  fire  purposes. 

I  regret  to  report  that  the  chemical  analysis  of  the  water  proves  that 
it  is  unhealthy  for  food  for  men  or  animals. 

The  water  is  clear,  colorless,  odorless,  taste  scarcely  perceptible,  but 
leaves  a  borax  sensation  on  the  tongue.  It  is  very  soft,  of  one-half  the 
hardness  of  San  Francisco  drinking  water.  There  is  a  large  amount  of 
vegetable  matter  suspended  in  it.  The  following  results  were  obtained 
by  analysis : 

PaHe  in  1,000,000  of  water. 

Sodinm.Na 345.76 

Potaiiehini,  K 203.39 

CalciuTn.Ca -..      21.10 

MagDesium,  Mp^ 7.78 

IroD,Po 91 
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Balphoric  acid,  SsOf .' 154.40 

Carbonio  acid,  C0» 203.22 

Chlorine,  CI 426.30 

Silica,  8iOg 7.80 

Organic  matter 50.20 

Total 1419.86 

Total  error 30.86 

Total  8oUd  as 1389.00 

Ammonia,  free 2.03 

Ammonia, albuminoid 1.15 

Total  ammonia 3.18 

Albaminoid  ammonia  is  derived  from  nitrogenous  organic  matter  dis- 
solved in  the  water,  and  indicates  contamination. 

Good  drinking  water  should  not  contain  more  than  .08  parts  of  it  in 
1,000,000  parts  of  water.  Kitrogenous  organic  matter  (generally  of  ani- 
mal origin)  is  ten  times  the  weight  of  the  albuminoid  ammonia. 

In  contrasting  the  water  in  the  neighborhood  with  the  artesian  water 
at  this  post  we  find  the  following  results : 

Solid  oontenU.    Parte  t»  1,000,000. 

Artesian  water  in  San  Francisco  from  abont  350  feet  depth 340 

Artesian  water  in  Contra  Costa  County,  opposite  Benicia,  across  the  straits,  same 
depth 324 

As  to  hardness: 

San  Francisco  water 10.7^ 

Contra  Costa  water 20^^ 

Benicia  water 4. 1^ 

As  to  albuminoid  ammonia: 

San  Francisco  water 11 

Contra  Costa  water 15 

Benicia  water 1.15 

The  amount  of  albuminoid  ammonia  in  this  water  will  preclude  its  use 
as  food. 

The  only  constituents  that  could  render  this  water  injurious  for  irri- 
^tion  are  the  salt  and  soda  it  contains,  and  they  do  not  occur  in  suffi- 
cient quantities  to  affect  to  any  considerable  extent  the  character  of  the 
soil. 

All  the  tools  have  been  removed  fh)m  the  tower  and  buildings  at  the 
artesian  well,  and  I  would  suggest  here,  as  it  is  pertinent,  that  these 
tools  and  rods,  couplings,  &c.,  are  worth  at  least  $2,000. 

The  sheds,  lean-ups.  and  tank  have  all  been  cleared  away ;  the  tower 
has  been  strengtheuea  and  closed  fh>m  the  weather  by  siding,  windows, 
and  doors. 

A  windmill  has  been  placed  on  top  of  it.  The  steam  cylinder  and 
boiler  have  been  repaired,  and  arrangements  made  so  that  either  wind 
or  steam  can  be  used  for  pumping  water. 

The  well  is  now  a  permanent  establishment  of  the  post  and  furnishes 
water  for  the  boilers  at  the  shops,  for  irrigating  the  trees,  and  for  water- 
ing the  roads.  K  we  had  the  reservoir,  for  which  an  estimate  has  been 
forwarded,  on  the  hill  to  store  this  water  we  would  have  an  abundant 
supply  in  case  of  fire. 

ABRANGEMENTS  FOB  PBOVINa  POWDEB. 

A  suitable  proving  ground  for  large  grained  powder  has  been  selected 
across  the  railroad  track  at  Army  Point  on  a  line  between  stakes  XXII 
and  131.    (See  skeleton  map  of  Benicia  Arsenal.) 


BPPORT  OP  THE  CHIEP  OP  ORDNANCE.         101 

The  butt  filled  with  sand  for  catching  the  shot  has  been  erected  near 
stake  No.  131,  and  the  8-inch  converted  rifle-gun  has  been  mounted  to 
the  east  of  stake  marked  XXII.    The  siege-gun  will  be  placed  near  it. 

From  this  point  a  range  of  12  miles  can  be  secured  by  firing  up  the 
Suisnu  Bay.  An  observation  house  to  contain  the  chronoscopes  and 
the  electrical  firing  apparatus  has  been  built  on  the  brow  of  the  hill,  and 
to  the  east  of  main  arsenal  building.  It  is  52  feet  above  the  gun  and 
butt.  The  railroad  track,  the  proving  ground  with  all  its  apparatus, 
and  the  extreme  range  up  the  bay  are  included  in  the  panoramic  view 
which  can  be  obtain^  fi<>m  the  floor  of  this  house. 

Near  the  large  butt  on  the  same  platform  the  boiler-iron  butt,  the  tar- 
get, and  camera  house  for  small-arm  firing  will  be  placed,  furnishing  a 
range  of  500  yards  from  the  permanent  rest  in  firing  house  on  outer 
wharf.  A  firing  gallery  120  feet  long,  with  a  room  for  chronoscope,  has 
been  built  south  of  the  office  and  parallel  to  it,  for  proving  rifle-powder 
to  be  purchased  on  this  coast. 


Appendix  12. 

KEPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  PICCATINNY  POWDER 
DEPOT,  NEW  JERSEY,  DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  leb2. 

MAJ.  F.  H.  PARKER,  ORDNANCE  DEPARTMENT,  COMMANDING. 

PICCATINNY  POWDEB  DEPOT, 

August  19, 1882. 

The  work  that  bas  been  done  in  building  up  this  posk  during  the  fiscal 
year  is  a  continuation  and  prosecution  of  that  which  was  begun  last 
year  and  which  was  indicated  to  be  done  in  my  last  annual  report. 

The  appropriation  being  only  $50,000,  most  of  it  was  consumed  in 
completing  magazine  No.  1,  the  remainder  in  clearing,  draining,  and 
improving  grounds,  making  roads,  erecting  temporary  building,  and 
repairing  old  ones. 

The  condition  of  the  magazine  building  on  the  1st  of  July,  1881,  was 
as  follows:  Most  of  the  subfoundation  had  been  laid,  considerable  stone 
had  been  cut,  much  of  the  building-stone  from  the  quarry  and  all  the 
iron- work,  except  the  roof,  was  on  hand. 

A  force  of  masons  was  put  on  the  stone- work,  anid  as  soon  as  the 
foundation  was  up,  what  water-table  was  cut  was  laid  and  the  bri«k- 
layers  commenced  their  work.  All  the  cutters  who  could  be  hired  were 
taken  on,  and  it  was  a  race  to  keep  ahead  of  the  brick- work,  the  object 
being  to  finish  the  masonry  and  brick -laying  before  cold  weather.  This 
was  accomplished  and  the  building  was  ready  for  the  roof  by  the  middle 
of  October.  The  roof,  guttering,  and  leaders  were  finished  by  the  31st 
of  December,  and  the  floor  and  ceiling  arches  of  hollow  bricks  should 
have  been  in  according  to  agreement  before  cold  weather,  but  the  Fire- 
Pi  oof  Building  Company  of  New  York,  who  were  to  put  them  in,  de- 
layed commencing  work  until  the  14th  of  December,  1881,  and  finished 
on  the  7th  of  January,  1882.  By  keeping  fires  in  the  building  the  proper 
temperature  for  the  work  was  maintained,  and  it  was  completed  with- 
out injurious  efieots  from  the  cold  weather. 

The  interior  wood-work  was  pushed  as  rapidly  as  possible,  and  the 
magazine  was  finished  ready  to  store  powder  by  the  middle  of  Febru- 
ary, 1882. 

It  is  in  plan,  outside  measurement,  205  by  62  feet.  There  are  in  it 
21,782  cubic  feet  of  rubble  and  scabled  stone- work,  1,751  cubic  feet  of 
dimension  stone  dressed,  consisting  of  water-table,  pier-caps,  sills,  door- 
jambs,  hinge-stones,  beam  and  truss  rests,  354,000  common  bricks  and 
19,118  square  feet  of  hollow  brick  arches,  195,000  pounds  of  iron,  12,369 
square  feet  of  corrugated  iron  roof,  1,021  barrels  of  cement  and  300 
barrels  of  lime;  2,220  feet  of  lightning  conductors  protect  it,  requiring 
deep  wells  and  1,()06  feet  of  ditches  for  proper  ground  connections. 

The  price  of  labor  and  material  was  low,  and  every  effort  towards 
economy  was  made  consistent  with  good  construction.  So  far  it  appears 
to  fulfill  all  anticipations  as  to  strength,  dryness,  and  light,  and  in  this 
last  respect  far  exceeds  my  expectations. 

From  experience  so  far,  and  from  estimates  of  cost  of  different  plans 
of  construction,  it  is  thought  best  to  reproduce  this  plan  in  all  respects 
except  in  the  following  minor  details,  viz:  to  have  no  oellar  room;  to 
102 
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reduce  the  thickness  of  the  walls  by  one  brick ;  to  alter  the  construction 
of  the  iron  doors  and  window  shutters,  and  in  placing  the  buildings  here- 
after to  incline  them  more  towards  the  north  and  south  line  to  get  greater 
l>enefit  from  the  sun's  rays  on  the  west  side  in  the  winter.  It  is  thought 
that  these  changes  together  with  the  greater  facilities  which  time  has 
given  us  will  lessen  the  cost  of  the  next  magazine,  notwithstanding  the 
increase  in  cost  of  labor  and  material. 

TEMPORARY  BUILDINGS. 

One  of  the  principal  difficulties  connected  with  the  work  is  the  lack 
of  lodging  and  boarding  accommodations  in  the  vicinity  for  a  large  force 
of  workmen.  To  partly  remedy  this,  two  cheap  frame  buildings  were 
erected,  one  consisting  of  mess-room,  kitchen,  and  a  few  living  rooms ; 
the  other,  a  dormitory  or  bunk  house,  for  the  men.  As  it  will  only  ac- 
commodate twenty -five  or  thirty  men  it  will  have  to  be  enlarged  this 
year. 

Three  of  the  old  houses  on  the  post  have  been  repaired,  and  slight 
additions  made  to  increase  their  lo<lging  capacity.  Another  small  set 
of  frame  quarters  for  the  magazine  keeper  should  be  built  as  soon  as 
possible. 

The  old  stables  have  been  repaired  and  altered  to  make  them  more 
convenient.  New  brick  stables,  in  the  proper  location,  and  with  neces- 
sary conveniences,  are  much  needed. 

GROUNDS  AND  ROADS. 

Clearing  land  of  brush  and  timber  where  required  has  progressed  dur- 
ing the  year.  Through  the  winter  a  small  force  was  kept  on  that  work, 
and  in  the  spring  it  was  increased.  About  40  acres  have  been  cut  out 
and  al>out  17  acres  grubbed,  cleaned  and  put  under  cultivation.  This 
already  makes  a  change  and  improvement  in  the  appearance  of  the  val- 
ley. Grass  was  cut  from  the  meadows,  and  the  hay  stored  for  public 
animals.  The  grain  sowed  was  harvested  and  used  for  the  same  purpose, 
and  a  croi>  of  oats  and  corn  has  been  planted  for  this  year's  consumption. 

About  10,000  feet  of  ditches  have  been  dug  to  drain  the  land  into  the 
brook  running  through  the  grounds  with  marked  improvement  to  that 
I>ortion  of  them.  The  intention  is  to  make  these  main  ditches  broad 
and  deep,  and  where  needed,  afterward  to  underdrain  into  them  by  tile 
drainpipe. 

The  old  roads  have  been  worke<l  and  improved,  and  the  new  East 
avenue,  which  is  to  run  the  whole  length  of  the  grounds  on  that  side, 
and  the  extension  of  which  leads  to  Dover  and  Port  Oram,  and  will  be  the 
principal  route  of  entrance  and  exit,  has  been  made  from  the  Middle 
Forge  road  to  Mount  Hope  avenue,  a  distance  of  3,300  feet.  This  in- 
volved considerable  labor  and  expense,  and  was  pushed  to  completion  as 
rapidly  as  possible  to  give  us  access  to  the  site  of  magazine  No.  2,  from 
the  quarry  and  from  all  other  parts  of  the  tract.  It  is  being  carried  on 
through  the  lower  part  of  the  grounds,  also  its  extension  to  the  Union 
turnpike.  It  was  out  out  and  fenced  last  autumn  and  will  be  finished 
if  possible  this  season. 

These  are  the  principal  operations  and  work  of  this  year;  but  in  ad- 
dition, numerous  small  jobs  of  improvement  and  arrangements  to  facili- 
tate fnture  work  have  been  done. 

For  purpose  of  record  and  because  it  may  be  thought  of  interest  to 
others  to  have  this  information,  I  herein  give  a  general  description  of 
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this  new  post,  ito  location,  and  the  proposed  plans.  I  append  the  three 
accompanying  maps,  to  assist  in  a  clearer  anderstandingof  the  brief  de- 
scriptions ;  also  add  estimates  of  cost  of  construction  and  improvement. 
Most  of  this  has  heretofore  been  submitted  to  the  department  iti  differ- 
ent communications,  but  it  is  thought  that  it  would  not  come  amiss  to 
have  it  in  a  condensed  form. 

This  tract  of  land,  which  was  selected  for  a  powder  depot  from  several 
others  examined,  mapi>ed,  and  reported  on,  lies  in  the  Middle  Forge  Val- 
ley, in  Eocka way  Township,  Morris  County,  in  the  highlands  of  New  Jer- 
sey, and  is  half-way  between  the  Hudson  and  Delaware  Rivers,  on  an  east 
and  west  line  drawn  across  the  northern  part  of  the  State;  its  latitude 
being  40^  66 J'  N.;  longitude,  74P  33  J'  W.,  and  its  elevation  above  mean 
tide- water  710  feet. 

In  going  west  from  the  Hudson  River,  the  countiy  is  comparatively 
low  and  level  nntil  within  8  or  10  miles  east  of  this  place,  its  surface 
only  being  broken  by  the  Bergen  Hills,  near  the  river,  and  the  three 
Orange  mountains  of  trap  rock,  and  by  hills  and  high  planes  of  glacial 
drift.  This  section  presents  many  natnral  advantages  for  the  growth 
of  beautiful  towns  and  fine  country  residences,  and  it  is  more  cultivated 
and  thickly  settled  than  the  Highlands. 

This  latter  section  consists  of  a  series  of  mountain  ranges  of  granite, 
gneiss,  conglomerate,  sands^ne,  &c.,  running  northeast  and  southwest, 
with  narrow  valleys  between.  There  are  many  beautiful  high-lying 
lakes,  several  of  which  are  resorted  to  in  summer  on  account  of  their 
beautiful  scenery'  and  cool  air. 

The  slopes  and  the  valleys  are  generally  covered  with  layers  of  gravel 
and  bowlders  of  varying  thickness  attributed  to  glacial  action,  the  ter- 
minal moraine  of  which,  running  in  an  east  and  west  direction,  forms  a 
line  of  hills  across  the  valleys,  which  tends  more  or  less  to  dam  up  the 
flow  of  the  streams,  draining  them,  and  to  render  them  wet  and  swampy. 
This  is  the  ease  in  the  Middle  Forge  Valley.  About  a  mile  below  the 
government  line  these  hills  cross  the  valley  and  turn  off  the  Oreen  Pond 
Brook  towards  the  east,  where,  after  forcing  its  way  over  a  reef  of 
bowlder  drift  and  through  old  abandoned  dams,  it  empties  into  the 
Bookaway  River,  below  Port  Oram.  In  consequence  of  these  obstruc- 
tions the  stream  in  the  lower  part  of  the  valley  is  sluggish,  and  over- 
flows in  the  spring  of  the  year  that  portion,  as  well  as  some  part  of  the 
Powder  Depot  tract. 

The  mountain  range  in  which  this  valley  lies  has  different  local  names 
in  its  course  from  New  Jersey  to  New  England,  and  in  it  to  the  north- 
east is  situated  the  Augusta  tract,  near  the  Brie  Railroad,  twice  selected 
by  boards  of  officers  as  a  suitable  site  for  a  powder  depot ;  also,  the 
Sloatsburg,  Queensboro,  and  Peekskill  tracts.  It  is  full  of  magnetic 
iron  ore,  the  veins  or  deposits  of  which  are  inclosed  in  the  masses  of 
crystalline  rocks  of  the  range,  and  this  place  is  the  center  of  an  exten- 
sive mining  region.  The  hills  on  the  east  of  the  tract  are  called  Mount 
Hope  and  Hickory  Hill,  and  on  the  west  the,  Oreen  Pond  Mountains, 
one  peak  of  which  is  called  Piccatinny,  from  which  this  depot  was 
named.  The  hills  on  both  sides  are  about  300  feet  higher  than  the  val- 
ley. The  government  tract  consists  of  3  miles  in  length  of  this  narrow 
valle^',  and  most  of  the  mountain  slopes  on  each  side.  The  Oreen  Pond 
Mountain  sides  are  steep,  and  in  some  places  precipitous,  while  the  east 
side  slopes  are  more  gentle,  with  several  natural  terraces  or  benches 
nearly  level. 

The  surface  shows  on  the  slopes  and  at  the  bottom  of  the  hills  a  great 
accumulation  of  bowlders  and  stones;  then  come  gravel  and  sand  knolls 
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and  flats  with  a  tbin  soil,  and  in  the  middle,  along  the  brook  side,  a  strip 
of  low  marshy  ground.  There  is  a  small  hill  of  limestone,  which  has 
been  quite  extensively  used  for  making  lime  and  for  furnishing  material 
for  the  iron  furnaces  at  Mount  Hope  mines,  about  a  mile  distant.  Sec- 
ond growth  timber  of  chestnut,  oak,  hickory,  &c.,  thickly  cover  a  great 
part  of  the  land. 

From  the  lower  line  up  to  the  pond,  a  distance  of  one  and  a  half  nviles, 
the  valley  is  1,000  yards  wide.  There  Piccatinny  juts  out  and  the  mount- 
ain running  straight  for  a  mile  and  a  half  with  an  almost  vertical  face 
narrows  the  upper  part  to  half  that  width.  At  the  head  of  the  valley 
is  Copperas  Mountain,  to  the  foot  of  which  the  tract  extends.  On  the 
east  side  of  this  mountain  is  Denmark  Pond,  and  on  the  west  side,  lying 
at  1,069  feet  elevation,  is  Green  Lake  or  pond.  From  each  of  these 
waters  a  brook  runs,  uniting  to  form  the  brook  running  through  the 
valley.  The  fall  from  Denmark  Pond  to  Piccatinny  Pond  is  118  feet 
and  from  Green  Lake  354  feet. 

Piccatinny  Pond  gives  a  fall  of  13  feet,  with  usually  plenty  of  water. 
Its  location,  however,  is  not  suitable  for  a  powder  mill,  but  can  be  util- 
ized for  much  useful  work.  If  thought  best  the  pond  could  be  entirely 
drawn  off,  making  more  available  ground  in  the  upper  valley  for  powder 
mills. 

This  pond  was  first  created  and  a  forge  s^t  np  for  the  manufacture  of 
iron  in  1749  or  1750  and  is  one  of  many  that  were  in  that  early  day  in 
operation  in  these  mountains.  During  the  war  for  independence  it  was 
worked  for  the  benefit  of  the  American  army  in  connection  with  the 
Mount  Hope  mines  and  furnace. 

It  is  seen  that  the  valley  is  inclosed  with  mountains  except  at  its 
lower  end,  and  is  as  well  protected  and  isolated  as  any  tract  that  could 
have  been  found.  It  is  also  protected  fh>m  the  northerly  winds  in  winter, 
while  the  southerly  winds  seem  to  be  drawn  in  all  the  seasons.  The 
climate  is  characteristic  of  a  high-lying  valley  in  a  mountainous  region. 
The  mean  temperature  is  lower  than  that  of  Newark  or  New  York.  The 
frosts  and  snows  come  earlier  and  stay  later,  but  the  extreme  of  cold  is 
but  little  greater  than  in  the  low  country.  The  summers  are  comfortable 
and  the  nights  remarkably  cool.  The  rainfall  is  less  than  in  the  lower 
section  east  and  the  soil  is  non-retentive  of  water.  The  marshy  land 
is  an  exception  and  should  be  reclaimed ;  clearing  the  land  and  draining 
the  low  ground  will  produce  a  drier  and  warmer  atmosphere  better 
suited  to  powder  storage. 

The  requirements  of  a  suitable  site  for  a  large  powder  depot,  with 
government  powder  mills,  have  been  formulated  as  follows: 

Iftt.  That  ife  should  be  in  a  region  of  country  which  does  not  admit  of  being  thickly 
populated,  so  that  destruction  of  life  and  property  in  the  case  of  accident  would  be  a 
minimum. 

2d.  It  should  be  sufficient  in  extent  to  contain  suitable  positions  for  magazines  for 
storage  of  tO,000  tons  of  powder  and  material  for  its  manufacture,  as  weU  as  the  neces- 
sary bnildiugs  for  a  government  powder  factory. 

3d.  It  should  be  near  enough  to  railroad  and  water  communication  to  afford  facili- 
ties for  transportation  to  and  fh)m  the  seaboard,  the  interior  and  the  lakes,  having 
a  short  line  of  railroad  connecting  the  site  with  trunk  lines. 

How  completely  this  site  fills  these  requirements  can  easily  be  judged. 
In  the  topographical  characteristics  of  the  tract  itself,  it  also  has  its 
advantages  and  its  disadvantages. 

The  natural  features  of  the  place  plainly  indicate  the  general  arrange- 
ment and  location  of  the  buildings  for  different  purposes  and  the  roads 
and  avenues  necessary  for  proper  communication  and  service. 
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The  lower  portion  of  the  tract  lying  below  the  road  that  crosses  the 
valley  from  Mount  Hope  to  Berkshire  is  reserved  for  quarters^  office, 
stables,  barracks,  &c  All  above  is  shat  off  from  the  public,  and  that 
part  lying  between  that  road  and  the  pond  is  reserved  for  the  magazines, 
and  all  that  from  the  lower  end  of  the  pond  up  is  for  the  manufactory. 

Only  a  general  idea  of  the  arrangements  for  the  latter  has  as  yet  been 
fixed  upon,  and  is  indicated  in  as  general  a  way  on  the  maps. 

Much  depends  upon  the  power  employed.  With  the  railroad  to  furnish 
coal,  steam  power  could  be  used  in  .whole  or  in  part.  There  are  many 
places  well  adapted  as  sites  for  the  incorporating  mills  and  the  other 
small  bnldings  containing  the  machines,  &c.,  operating  in  the  process 
of  powder-making. 

By  setting  up  small  engines  at  these  different  points,  they  could  be 
utilized  better  than  would  be  possible  if  confined  to  the  line  of  water- 
power,  which  power  would  be  variable  in  its  supply,  and  might  not  be 
sufficient  for  all  pur(H)ses.  Probably  it  would  be  best  to  use  both  water 
and  steam,  as  is  done  at  many  powder  factories  both  hfire  and  abroad. 

As  far  as  the  water-power  is  concerned,  it  is  understood  that  20  horse- 
power will  be  sufficient  for  two  sets  of  wheels  of  size  and  weight  as 
gre^t  as  would  be  wanted  running  at  a  sufficiently  high  speed.  With 
a  fall  of  10  feet,  24  cubic  feet  of  water  per  second  will  t^  enough  to  give 
that  amount  of  power.  From  the  point  where  the  streams  unite  to  the 
pond,  there  is  a  fall  of  40  feet,  and  it  is  probable  that  the  above  amount 
of  water  could  be  accumulated  at  three  points  in  that  distance  with 
that  much  fall.  The  distance  being  3,000  feet,  the  mills  could  be  placed 
a  safe  distance  apart,  using  the  water  over  and  over.  What  other  con- 
venient arrangements  could  be  made  to  transmit  the  power  to  each  side 
by  wire  ropes,  and  what  capacity  the  water-power  would  develop,  will 
have  to  be  determined  by  an  experienced  hydraulic  engineer.  The  long 
disused  but  valuable  power  at  Denmark  dam  should  be  bought,  which 
would  add  greatly  to  the  value  of  the  site. 

The  plans  for  the  storage  part  of  the  depot  contemplate  the  building 
of  ten  large  magazines  capable  of  storing  5,000  tons  of  powder  and  ma- 
terial ;  a  coopering  and  packing  house ;  two  small  storehouses  for  tools, 
implements,  and  stores ;  a  set  of  officers'  quarters  ;  an  office  building ; 
quarters  for  enlisted  and  hired  men ;  stables  for  12  horses  and  mules ; 
a  small  guardhouse— all  to  be  built  of  brick  with  stone  foundations  and 
trimmings:  also  the  building  or  assisting  in  building  of  a  branch  rail- 
road from  Tort  Oram,  where  it  would  connect  with  the  Morris  Canal, 
the  Delaware,  Lackawanna  and  Western  Bailroad,  and  the  Central  Bail- 
road  of  New  Jersey,  giving  transportation  in  all  directions.  Miles  of 
wa^on-road  will  have  to  be  built  and  acres  of  land  cleared,  drained,  and 
graded.  A  level  rifie  range  of  2,200  yards  in  extent,  and  a  proof  ground 
for  testing  powder  in  light  and  heavy  guns,  can  be  made  at  little  ex- 
I^ense,  the  firing  being  into  the  face  of  Piccatinny  Mountain. 

It  would  also  appear  that  the  natural  and  proper  place  for  making 
cannon  cartridges,  large  and  small,  and  packing  them  for  transporta- 
tion, is  at  the  powder  depot;  both  safety  and  convenience  suggest  it. 
The  powder  and  storage  will  be  there,  and  the  facilities  can  very  readily 
be  made.  The  filling  and  packing  house  would  be  put  in  a  safe  and 
convenient  place  behind  Limestone  Hill.  The  water-power  at  the  pond 
is  ample  for  the  few  wood-working  machines  necessary  for  the  making 
of  packing  boxes  and  barrels,  also  for  a  few  metal- working  machines 
for  a  repair  shop.  From  the  magazines  here,  the  boxes  and  barrels  of 
cartridges  can  be  shipped  to  the  forts,  the  batteries,  or  arsenals,  as  re- 
quired. 
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In  estimating  the  cost  of  all  the  work  of  the  storage  part  of  the  depot, 
we  hare  t^ie  ^neftt  of  our  experience  as  far  as  we  have  gone  in  this 
undertaking.  There  are,  nevertheless,  many  elements  of  nncertainty, 
and  this  can  only  be  regarded  as  an  approximate  estimate. 

The  plans  of  the  bnildiugs  have  been  made  and  estimates  of  their 
cost  have  been  furnished  by  an  architect. 

The  cost  of  the  branch  railroad  was  estimated  by  the  engineer  who 
located  the  line : 

Ezaminatio'*  and  survey s  in  selecting  site  and  for  legal  expenses  of  purchase.  |7, 000 

Land  (l,866T»tf\f  acres) 62,750 

Ten  large  lire-proof  magazines  (brick) 500,000 

A  coopering,  packing,  and  filling  house  (brick) 1,500 

Two  small  tool  and  store  houses  (brick) ., 5,000 

One  set  of  officers'  quarters  (brick) 15,000 

Quarters  for  enlisted  and  hired  men  (brick) 10,000 

Office  buildiuff  (brick) 5,0uO 

Guard-house  (brick) 1,500 

Stables  (brick) 5,500 

Two  frame  dwelling  houses  for  master  mechanic  and  magazine  keeper 4, 000 

Six  miles  of  road 26.400 

Ditching  and  underdraining  and  filling  grounds 25,430 

Clearing,  grubbing,  grading,  and  cultivating  335  acres  of  woodland 18, 750 

Straightening,  diking,  and  cleaning  brook  where  needed 32, 850 

Stone  wall  and  fences  along  public  road,  &c 14,320 

Branch  railroad  into  tract  ($47,400) ;  cost  to  government^  say 25, 000 

760,000 
Deduct  9225,000  already  appropriated 225,000 

Balance  required 535,000 

The  estimate  for  the  shop,  necessary  tools  and  machinery,  a  new  ma- 
sonry dam,  &c.,  is  not  included. 

It  is  thought  that  this  place  presents  some  attractive  natnral  advan- 
tages for  the  development  of  a  convenient,  creditable,  and  .much-needed 
I>o wder  establishment  of  this  kind.  Its  importance  has  been  repeatedly 
set  forth  in  annual  ordnance  reports,  and  in  communications  from  ex- 
perienced officers.  It  cannot  be  denied  that  nothing  can  be  of  greater 
importance  to  the  military  and  naval  service  than  a  wise  provision  for 
a  plentiful  supply  of  that  material  which  is  the  very  pabulum  of  war, 
and  without  which  successful  war  is  impossible.  It  has  been  pointed 
out  that  we  are  behind  other  nations  in  this  respect,  and  that  our  method 
of  seeuring  a  supply  of  powder  has  heretofore  been  more  successful  than 
it  is  likely  to  be  in  the  future,  for  the  reason  that  it  is  only  within  the 
last  few  years  that  the  facts  pertaining  to  and  the  laws  governing  the 
explosion  of  gunpowder,  which  scientific  investigation  has  disclosed, 
have  been  put  into  practical  application,  resulting  in  a  much  greater 
variety  of  powders,  needed  and  requiring  more  time,  skill,  and  expense 
in  their  production. 

The  annual  manufacturing  capacity  of  the  Waltham  Abbey  Mills  is 
given  as  14,000  barrels  of  that  kind  of  powder  which  requires  the  most 
working.  There  are  thirty- two  incorporating  mills  at  those  works  which 
give  437}  barrels  per  mill  per  year.  It  is  believed  that  neither  hex- 
agonal nor  prismatic  powder  could  be  produced  at  as  rapid  a  rate;  that 
they  require  to  be  longer  in  the  mill,  and  that  the  other  processes  need 
more  time  and  care;  also  that  the  government  would  find  difficulty  in 
commanding  throaghout  the  whole  country  the  above  number  of  mills 
which  could  be  spared  to  run  on  powder  for  heavy  guns  alone. 

If  this  Is  so  it  will  be  seen  that  the  command  of  a  large  plant  would  be 
required  in  case  of  emergency  for  supplying  the  wants  of  an  armament, 
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for  oar  seacoast  and  ships,  of  modern  heavy  ordnance,  the  charg^es  of 
which  consume  from  two  to  five  barrels  for  each  shot  fired.  In  addition 
there  would  be  wanted  a  supply  for  siege  and  field  artillery,  and  for 
small  arms.  It  is,  therefore,  necessary  to  accumulate  a  considerable 
quantity  of  these  different  kinds  of  gunpowders  in  magazines  suitable 
for  storage. 

The  establishment  of  government  experimental  powder  mills,  so  long 
regarded  as  of  vital  importance,  to  enable  us  by  investigation  and  ex- 
periment to  keep  pace  with  other  nations  in  powder  improvements,  has 
now  a  beginning,  so  far  as  securing  a  site  is  concerned  which  is  more  or 
less  suitable,  and  it  would  seem  to  be  advisable  to  prosecute  its  build- 
ing up  along  with  the  storage  part  of  the  depot. 
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REPORT  OP  THE  PRIKCIPAL  OPERATIONS  AT  THE  FRANKPORD  ARSENAL, 
PENNSYLVANIA,  DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  1882. 

MAJ.  8.  C.  LTFORD,  ORDKA2fCK  DEPARTMENT,  COMMANDIlfG. 

(Seven  plates.) 

THE  aiLL  DYNAMOMETER.     (Plate  L) 

lu  connection  with  the  luclosed  drawings  the  following  directions  for 
the  nse  of  the  iustrument  are  respectfully  submitted: 

This  instrument  consists  essentially  of  a  hydraulic  jack  for  producing 
pressure,  and  a  system  of  levers  and  weights  for  recording  them. 

There  are  two  distinct  methods  of  applying  the  pressure:  one  by 
hand,  the  other  by  the  accumulator.  Both  methods  involve  the  use  of 
the  jack ;  but  in  the  first  the  pressure  is  intermittentj  while  in  the  sec* 
ond  it  is  continuous. 

Automatic  checks  are  arranged  so  as  to  relieve  the  pressure  where 
the  required  effect  has  been  produced. 

The  combination  leverage  is  1  to  200.  The  capacity  of  machine  is 
10,000  pounds,  and  any  pressure  np  to  that  limit  can  be  measured  by 
the  proper  adjustment  of  the  weights  in  the  scale-pan  and  the  slide  on 
the  graduate  levers. 

The  principle  and  construction  of  the  instrument  can  be  best  shown 
l>y  giving  detailed  directions  for  its  use.  The  plate  is  sufficiently  ex- 
plained by  the  references. 

TO  USE  THE  MACHUCE  BY  HAKD. 

1.  Weight  the  scale  pan  and  adjust  the  slide  S  and  weight  to  according 
to  the  pressure  required. 

2.  Turn  the  automatic  check  lever  to  the  left,  so  that  it  will  be  held 
in  position  by  allowing  the  lever  L  to  rest  on  the  arm  a. 

3.  Turn  np  the  weight  t*— which  works  the  release  valve— until  it  is 
caught  and  held  in  position  by  the  arm  b» 

4.  Turn  the  starting  lever  up  until  it  strikes  its  stop  in  the  position 
shown  at  c. 

5.  Adjust  the  copper  disk  under  piston  of  the  jack,  allowing  the  knife 
to  tonch  it  as  lightly  as  possible. 

6.  Attach  the  pump  lever  to  the  stud  d  and  work  it  with  a  strong, 
steady  pull. 

When  the  indicated  pressure  has  been  applied  the  scale-pan  will  be 
lifted,  allowing  the  automatic  check  lever  to  fall.  The  arm  b  is  thus 
drawn  to  the  left  sufficiently  to  release  the  weight  te,  and  the  latter  in 
its  fall  opens  the  release  valve.  This  affords  a  passage  from  the  pump 
into  the  flnld  chamber  and  relieves  the  piston  m)m  pressure.  The  re- 
turn weight  W  then  runs  the  piston  up  and  releases  the  copper  disk. 

When  the  pressure  to  bo  applied  is  equal  to  that  of  the  accumulator 
weights  the  accumulator  must  be  shut  off  by  running  in  the  screw  e. 
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TO  USK  THE  ACCUMULATOR. 

Turn  the  starting  lever  down  and  the  release  valve  weight  up. 

Eun  the  accumulator  weight  up  by  means  of  the  pump. 

Then  follow  directions  1,  2,  3,  4,  and  5^  in  the  instructions  for  use  by 
hand.  * 

To  apply  the  pressure,  turn  the  lever  /  to  the  left  until  the  arm  g  is 
caught  and  held  by  the  latch  A,  as  shown  at  h  in  the  plate. 

When  the  indicated  pressure  is  produced  the  fall  of  the  automatic 
check  lever  lifts  the  latch  h  and  allows  the  weight  m  to  fall,  closing  the 
accumulator  valve  and  preventing  the  fluid  from  entering  the  jack. 

The  weight  n  also  falls  and  opens  the  release  valve  so  that  the  piston 
can  be  run  up  by  the  return  weight,  as  before. 

Plate  II. 

Plate  II  shows  the  relations  between  certain  pressures  and  the  cor- 
responding cuts,  together  with  similar  data  obtained  from  the  Water- 
town  Arsenal  testing-machine.  The  copper  used  was  all  from  one  lot, 
and  consisted  of  bars  of  rectangular  cross-section,  carefully  treated  so 
as  to  obtain,  as  nearly  as  i)OSsible,  a  uniform  density  of  hardness. 

By  reference  to  the  plate  it  will  be  seen  that  the  two  machines  give 
practically  the  same  results. 

The  alK)ve-described  instrument,  though  simple  in  construction  and 
easily  understood,  requires  very  careful  manipulation  in  order  to  obtain 
reliable  results.  The  efifect  of  time,  as  an  element  in  its  operation,  must 
be  thoroughly  understood  so  that  the  various  results  may  be  intelligently 
compared,  and  that  they  may  subserve  the  purpose  for  which  they  are 
obtained. 

INSTRUMENTS,  TOOLS,  &c. 

paddock's  INTERPOLATOR.    (Plate  III.) 

This  instrument  for  pointing  mortars  was  completed  and  issued  during 
the  year,  and  the  inclosed  drawing  illustrates  its  construction.  Nothing 
has  yet  been  heard  of  its  practical  use,  but  it  is  presumed  it  answers 
the  purpose  for  which  it  was  intended. 

STAR  GAUGE,  MODEL  1881.      (Plate  IV.) 

This  instrument  has  been  completed  and  is  ready  for  use.  It  embodies 
several  special  features: 

1.  A  vernier,  reading  diameters  to  -^^  inch  from  12  to  42  inches. 

2.  Appliances  for  sustaining  and  moving  the  instrument  concentri- 
cally along  the  bores  of  guns  and  tubes. 

3.  A  caliper,  for  adjusting  the  points  and  vernier  to  various  diameters, 
thus  dispensing  with  the  rings  formerly  used. 

Drawings  illustrating  the  instrument  and  its  parts  are  inclosed.  As 
it  has  not  yet  been  tested  up  to  its  full  capacity,  no  opinion  as  to  its 
success  can  now  be  formed,  although  it  is  believed  it  will  meet  all  re- 
quirements. 

SHOT-GUN  OUTFITS. 

Three  hundred  and  two  sets  of  special  tools  for  reloading  shot-gun 
shells,  and  outfits  containing  these  with  material  for  about  500  rounds  of 
ammunition,  have  been  prepared  during  the  year. 
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Drawings  are  inclosed  showing : 

1.  The  set  of  tools.    (Plate  V.) 

2.  The  field  case.    (Plate  VI.) 

3.  The  packing  of  the  outfit.    (Plate  VII.) 

The  field  case  enables  an  ample  supply  for  a  hunting  expedition  to  be 
carried  in  a  compact  form. 

Among  the  tools,  attention  is  invited  to  the  (1)  priming  tools  designed 
here,  which  can  be  adapted  to  all  sizes  of  shells  having  a  central  vent 
in  the  primer  pocket;  (2)  the  powder  and  shot  charger  which  is  adjust- 
able for  charges  of  either  within  the  extreme  limits  of  light  charges  for 
gallery  practice  and  heavy  charges  for  killing  game. 

During  the  months  of  September  and  Octol)er  exhaustive  tests  were 
made  of  the  Hotchkiss  patent  cartridge  case,  using  the  Frankford 
Arsenal  solid  head  for  comparison  with  it.  These  cases  were  loaded 
both  by  the  hand  and  bench  reloading  tools,  using  for  the  charge  70 
grains  of  Du  Pont  powder  and  the  405  grain  bullet.  Over  1,000  rounds 
were  fired  of  each,  the  shells  being  reloaded  and  fired  to  extremity.  The 
following  is  a  summary  of  the  results  of  these  experiments : 

Average  force  of  extraetion  of  Hotchkiss  cases  : 
AnDealed  after  last  draw  : 

Before  reloading pounds..  18.4 

Affcer  reloading do 2.4 

Annealed  previous  to  last  draw  : 

Before  reloading do 2.35 

After  reloading do 2, 07 

Annealed  ^reviuuH  to  last  three  draws : 

Before  reloading do 1.5 

After  reloading do 1. 48 

Average  fon*e  of  extraction  of  Frankford  Arsenal  coses : 

Annealed  previons  to  last  3  draws,  usual  method  of  manufacture : 

Before  reloading do 91 

After  reloading do 92 

Average  life  of  Hotchkiss  cases: 

Annealed  after  last  draw roands..  25.35 

Annealed  previous  to  last  draw do....  40.05 

Annealed  previous  to  last 3  draws do....  50.5 

Average  life  ot  Frankford  Arsenal  cases: 

Usual  method  of  manufacture do....  33.56 

Cases  split: 

Hotchkiss number..  31 

Frankford  Arsenal do 58 

Cases  disabled  by  bursting,  &c. : 

Hotchkiss do 27 

Frankford  Arsenal do 0 

Percentage  of  leaks : 

Hotchkiss 37 

Frankford  Arsenal 8 

In  Major  Lyford's  indorsement  of  October  12, 1881,  submitting  the 
results  of  this  trial,  the  following  remarks  were  made : 

The  bad  extraction  in  the  first  manufacture  was  clearly  due  to  faulty  manufaoturey 
and  1  see  no  reason  why  the  case  caunot  be  made  to  extract  as  easily  as  any  other,  as 
is  indicated  by  tbe  subsequent  trials. 

It  is  probable  that  a  smsiller  primer,  by  decreasing  the  size  of  the  pocket  or  bole  in 
the  hea^l,  would  obviate  the  leakage  arouni  it,  and  perh-^ps  correct  the  tendency  of 
this  hole  to  enlarge. 

In  October  tests  were  made  for  endurance  and  extraction  of  the 
Frankford  Arsenal  shot-gun  shell,  using  the  Winchester  shot-gun  shells 
for  comparison.  Five  shells  of  each  were  fired  100  times,  the  charge 
being  75  gntins  powder  and  1|  ounces  No.  6  shot,  and  these  showed  an 
average  extraction  of  less  than  t^  of  a  pound  for  the  Frankford  Arsenal 
shelly  and  an  average  of  more  than  9  pounds  for  the  Winchester.    One 
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of  each  of  these  shells  was  then  fired  150  additional  times,  with  an  aver- 
age extraction  about  the  same  as  the  above,  both  of  the  shells  being  in 
as  good  a  condition  at  the  end  of  the  250th  roand  as  when  first  fired. 

During  this  month  we  made  several  tests  of  Dn  Font's  strong  sport- 
ing powder  in  comparison  with  our  service  powder,  with  the  view  of  ob- 
taining, with  a  small  charge,  the  same  results  we  now  obtain,  and  thus 
make  a  shorter  cartridge  for  use  with  a  magazine  arm,  and  while  the 
results  were  to  a  certain  extent  satisfactory,  still  we  found  that  with 
their  strongest  powder  we  could  not  diminish  the  charge  more  than 
sufficient  to  shorten  the  length  of  .the  cartridge  5^  per  cent. 

In  this  same  month  a  few  tests  were  made  of  carbine  and  rifle  ammu- 
nition in  the  two  arms,  to  determine  their  relative  merits,  the  results  of 
which  were  summed  up  as  follows : 


▲rm  and  Ammnnition. 


Rifle  with  rilie  Mnmnnition 

CftrtiiDe  with  rifl«  ammaiiitioii. . . . 
Carbine  with  carbine  ammanition 


§ 


4» 

cs 


^^ 


P-  2 


.02 
.68 
.03 


Tardt. 

450 
6u0 
650 


i3sa 

1120 


In  November,  experiments  were  made  to  determine  the  cause  of  the 
rupture  of  the  service  cartridge  in  the  chamber  of  the  rifle,  and  after 
many  preliminary  trials  we  were  finally  able  to  so  lubricate  the  cartridge, 
made  prior  to  1876,  that  we  could  rupture  it  almost  at  will;  the  conclu- 
sion we  drew  being  that  the  cause  of  the  rupture  of  the  shell  is  the 
checking  of  the  free  forward  flow  of  the  fluid  occupying  the  space  be- 
tween the  case  and  the  walls  of  the  chamber  of  the  rifle.  This,  by  its 
reflex  action,  acts  like  a  blow  on  the  outside  of  the  case,  immediately 
after  the  inside  has  been  suddenly  strained  by  the  gases  generated 
within,  and  the  case,  if  not  strong  enough,  yields  to  the  blow,  and  is 
broken  in  two^not  pulled  apart.  This  separation  takes  place  before  the 
front  part  of  the  shell  is  free  of  the  bullet,  and  hence  it  is  dragged  some 
distance  into  the  rifling. 

In  the  tests  where  the  cases  were  filed  nearly  in  two,  nothing  being 
used  to  prevent  the  free  flow  of  the  intervening  fluid,  it  was  noticed  that 
the  front  of  the  shell  was  acted  on  by  the  ball  in  the  same  manner  as  in 
the  ruptured  cases,  but  that  there  was  a  free  escape  o/gasy  while  in  the 
other  tests  no  trace  of  the  gas  was  visible ;  showing  that  at  the  time  of 
rupture  the  external  force  was  equal  to  or  greater  than  that  generated 
within.  Since  May,  1875,  the  walls  of  the  service  cartridges  have  been 
ft^quently  strengthened,  and  as  we  were  not  able,  under  any  circum- 
stances, to  rupture  these  cartridges,  we  inferred  that  none  would  here- 
after ever  be  ruptured  in  service,  no  matter  how  lubricated. 

During  December,  1881,  and  January,  1882,  very  extensive  experi- 
ments were  undertaken  to  determine  why  our  velocities  obtained  in 
summer  were  so  much  higher  than  those  obtained  in  winter,  when  the 
same  charge  was  used,  the  only  seeming  variable  being  the  difference 
in  temperature  of  the  atmosphere.  Some  333  velocities  were  taken,  with 
the  cartridge  and  rifle  both  warm  and  cold,  the  air  through  which  the  bul- 
let passed  being  aboat  the  same  temperature.    With  the  cartridges  and 
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rifle  warmed  by  a  temperature  equal  to  that  obtained  in  summer,  and 
cleaned  between  each  shot,  our  velocities  were  1,356  feet;  and  with  car- 
tridges and  rifle  cold  at  a  temperature  of  32  degrees,  the  cartridges 
being  kept  at  that  temperature  long  enough  to  insure  the  powder  in  the 
pase  having  that  degree  of  heat  only,  gun  not  cleaned  between  shots^ 
we  obtained  only  1,295  feet  velocity ;  a  difference  of  some  CI  feet. 

We  also  found  that  the  pressures  under  these  different  circumstances 
varied  between  29,300  pounds  when  warm  to  25;050  pounds  when  cold, 
and  the  fouling  varied  from  7.6  grains  with  cold  gun  and  cartridge  to  5.4 
grains  with  warm  gun  and  cartridge;  our  conclusion  from  these  experi- 
ments being  that  the  effects  of  heat  upon  both  the  cartridge  and  rifle  are 
to  decrease  the  amount  of  the  fouling  and  increase  the  pressure  of  the 
gases  and  the  resulting  velocities ;  also,  that  the  temperature  of  the  air 
through  which  the  bullet  passes  has  very  little  effect  upon  the  A^elocities, 
and  that  care  should  always  be  taken  to  have  cartridges  and  rifle  at  a 
uniform  temperature  when  taking  velocities. 

During  January,  1882,  750  primers,  a  sample  of  those  furnished  by 
the  Winchester  Company,  were  tested  for  piercing;  out  of  this  num- 
ber some  46  were  pierced  by  the  firing  pin. 

During  this  same  month  some  Lowell  contract  ammunition,  manufact- 
ured in  1874, 1875,  and  1876,  now  on  hand  at  this  arsenal,  was  thoroughly 
tested,  to  see  if  it  would  be  suitable  for  issue  for  target  practice,  but  from 
the  defects  shown  during  these  firings  it  was  deemed  advisable  to  not 
issue  it. 

In  February  3,200  primers,  a  sample  of  those  furnished  by  the  Win- 
chester Company  on  contract,  were  tested,  and  during  the  same  month 
2,000  of  those  manufactured  at  this  arsenal.  To  fill  an  order  for  sup- 
plies calling  for  cartridges  for  experimentiil  purposes  with  the  500-grain 
bullet,  giving  velocities  of  1,250,  1,200,  1,100,  1,000,  900,  800,  700,  600, 
500,  and  400  feet  velocity,  we,  during  the  month  of  May,  experimented 
as  to  the  proper  charge  of  powder  to  be  given  them  to  obtain  these 
results,  the  powder  having  a  uniform  compression.  Over  100  velocities 
were  takey  to  obtain  these  results,  which  may  be  summed  up  as  follows : 

Charges  of  powder^  tf'c.t  re<inired  wiih  the  Fratikford  Arsenal  solid-head  reloading  case  and 
ryOO-grain  bullet^  model  Irfrtl,  to  obtain  the  prescribed  viloci1ie»i 
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During  June  very  extensive  exi)eriments  were  made  of  cartridge  pri 
mers  to  determine  the  proper  thickness  of  metal  to  make  them  of,  so 
as  to  insure  certainty  of  fire,  and  prevent  piercing  by  the  firing  pins. 
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Six  tbousaiid  were  used  with  the  Springfield  rifie,  usiug  70  grains  of 
powder  and  405grain  bullet  for  a  charge,  and  6,000  in  the  same  rifle  with 
a  charge  of  70  grains  of  powder  and  SOO-grain  bullet.  The  same  number 
of  each  kind  of  charge  were  used  with  the  Gatling  gun,  and  3,000  in  the 
Smith  &  Wesson  revolver,  and  3,000  in  Colt's  revolver,  using  primers  of 
.023,  .024,  .025,  .026,  .027,  and  .028  inch  thickness;  and  while  these  results 
showed  that  the  primer  should  not  be  less  than  .025  inch  in  thickness, 
still  it  was  thought  best  to  obtain  metal  of  other  manufacture  (the  above 
having  been  furnished  by  the  Waterbury  Brass  Company),  and  continue 
this  experiment  the  next  fiscal  year. 
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Appendix   16. 

FROOF  REPORT,  &c.,  OF  8-lNCH  BREECHLOADING  RIFLE  NO.  I». 

(One  plate.) 

New  York  City,  December  12, 1881. 

Sir:  1  have  the  honor  to  forward  herewith  Captain  Standing's  firing 
report,  in  the  proof  of  8-inch  breech-loading  rifle  No.  5,  which  was  rupt- 
nred,  with  the  opinions  of  certain  steel  experts  on  the  quality  of  the 
metal  in  the  breech-receiver ;  also  certain  data  pertaining  to  the  gnn  and 
its  proof,  and  the  records  of  tests  made  of  the  metal  in  the  breech -receiver 
(Appendices  I,  II,  and  III),  which  have  been  prepared  at  this  office. 

It  is  not  believed  that  much  weight  should  be  attached  to  the  opin- 
ions of  Messrs.  McLaughlin  and  Corbett,  as  they  made  no  tests  of  the 
steel,  and  their  experience  has  chiefly  been  confined  to  steel  in  small 
masses  and  of  such  quality  as  is  employed  in  cutlery.  I  also  inclose  a 
duplicate  of  these  papers,  together  with  an  additional  number  of  records 
of  tests  made  of  the  Firth's  steel  employed  in  the  8-inch  and  11-inch 
breech-loading  rifles,  to  enable  you,  should  you  so  desire,  to  furnish  the 
information  to  the  Board  on  Examination  of  Heavy  Ordnance  and^Pro- 
jectiles.         ' 

Very  respectfully,  your  obedient  servant, 

CHAS.  S.  SMITH, 

Capf,  of  Ord  ,  Asst  to  Constructor  of  Ord, 
The  Chief  of  Ordnance,  U.  S.  A., 

Washington,  D.  C. 


APPENDIX    I. 

EIGHT-INCH  BREECH-LOADINO  CHAMBERED  RIFLE   NO.  5. 

(1.)  Area  of  bottom  of  bore,  snbjecteil  to  pressure square  inches..     H?^. '23 

('Z. )  Area  of  walls  of  breech  slot  in  plane  of  front  face  of  breech  block . .  do ....   148. 28 

(3.)  Total  area  of  fracture  in  walls  of  breech  receiver do 192.05 

Ratio  of  (I)  to  (2) l,(iS^ 

Ratio  of  (1)  to  (3) 2.17 

Ratioof(2)to(3) ; 1.29 

Highest  pressure  per  square  inch  endured  by  gun pounds. .     38,  OOO 

Fissure  per  square  inch  at  rupture do I^,  000 

Ultimate  resistance  per  square  inch  of  steel  in  breech  recei  v«  r do 94, 500 

Total  pressure  on  bottom  of  bore r do. .  3, 352, 740 

Total  resistance  of  metal  in  walls  of  breech  slot,  section  (2) do.  14, 012, 4(i0- 

Total  resistance  of  metal  in  walls  of  breech  slot,  section  (3) do.  18, 148,725 

This  giin  underwent  longitudinal  rupture  in  the  breech  receiver,  in 
front  of  the  breech  block,  at  the  third  round.  For  position  and  direc- 
tion of  fracture,  and  details  of  powder-proof,  see  accompanying  plate 
and  firing  record.  Rupture  commenced  in  the  left-hand  upper  front 
angle  of  the  breech  slot,  and  progressed,  apparently,  about  half-way 
round  the  bore,  when  the  metal  gave  way  in  the  left-hand  lower  front 
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angle  of  the  breech  slot,  the  two  movemeuts  being  superposed  over  a 
distance  of  about  8  inches,  thus  causing  a  complete  detachment  of  the 
interlying  metal  that  separated  the  two  courses  of  fracture.  The  lower 
and  front  angles  of  the  breech  slot  were  square,  whilst  in  the  first 
8-inch  breech-loading  rifle  they  were  filleted  with  a  radius  of  0.35-inch. 


APPENDIX  IL 

The  pressure  indicated  by  the  Rodman  gauge  at  tbe  round  in  which 
rupture  took  place  in  8-inch  breech-loading  rifle  No.  5  was  very  high — 
over  70,000  pounds;  but  the  bottom  of  the  housing  of  tbe  gauge  gave 
evidence,  in  a  heavy  bruise,  of  having  come  in  violent  contact  with  some 
hard  and  resistant  object.  To  the  latter  fact  must  be  attributed  the 
abnormal  pressure  indicated,  since,  with  the  same  kind  and  weight  of 
powder  and  projectile,  and  fired  on  the  same  day  from  8-inch  breech-load- 
ing rifle  No.  2,  the  pressure  indicated  in  the  latter  Wiis  38,000  pounds  per 
square  inch — a  result  that  has  since  been  confirmed  by  more  numerous 
firings  as  amply  high.  To  ascertain  the  precise  etiect  of  a  heavy  blow 
on  the  bottom  of  the  pressure  gauge,  a  series  of  experiments  were  made 
by  allowing  the  gauge  to  drop  from  a  fixed  height  upon  a  bed  both  of 
hard  and  of  a  son;  material.    The  results  were  as  follows : 

ExptrimeniB  at  Sandy  Hooky  October  2Sy  1881,  in  allowing  the  Rodman  pressure  gauge  to 
fall  freely  from  balcony  of  Western  Union  tower  upon  a  stone  placed  at  foot  of  tower. 

Height  of  balcony feot..  61.75 

Velocity  of  faU do...  63. 

First  trial : 

Length  of  cnt inch..       C.96 

Corresponding  pressure pounds . .  46, 000 

Second  trial : 

Length  of  cnt inch. .       0. 895 

Corresponding  pressure pounds..  35,500 

Two  more  experiments  were  made,  allowing  the  gauge  to  fall  from 
same  height  as  in  previous  experiments  into  soft  sand,  but  no  api)reci- 
able  cut  was  obtained. 

Grains. 

Weight  of  gauge  used,  complete  with  discs 36,620 

Weight  of  kni^  and  piston 1,875 

Weight  of  tirst  disc  used 1, 505 

Weight  of  second  disc  used , 1,525 

Plug  used,  marked  **  Frankfnrd  Arsenal  1H80,  No.  3." 
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Kew  York,  October  7, 188h 

Dear  Sir  :  At  tbe  request  of  Mr.  A.  G.  Sinclair,  I  went  to  Sandy 
Hook  with  Mr.  Tbos.  Corbett,  to  inspect  the  gun  that  did  not  stand  your 
test. 

After  a  careful  examination  of  the  fracture,  I  am  convinced  that  the 
original  bloom  or  cast  was  imperfect.  There  are  three  plaees  in  tbe 
fracture  that  do  not  show  any  fiber,  equal  to  about  one-third  of  the  whole 
surface  of  the  break,  which  is  a  peculiar  one,  as  it  gave  way  where  there 
was  the  largest  amount  of  metal  instead  of  the  least,  which  is  usually 
the  case.  1  have  been  working  steel  for  over  thirty  years,  and  have  no 
hesitation  in  saying  it  is  a  very  imperfect  piece  of  metal. 
Respectfully,  yours, 

J.  Mclaughlin, 

THOS.  H.  CORBETT. 
Captain  STARRma. 


star  gauging  of  S-inch  breech-loading  chambered  rifle  No.  5. 
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Phyaical  qualities. 


Limit  of  lOasticity.. 


Ultimate  resistance. 


APPENDIX    III, 
Comparative  qualities  of  oil-tempered  steel. 


—  23 

,S  o 


52,000 


94,500 


S 


"S  on  S 


64,720 

to 
75,933 

89,415 

to 
129,582 


Conditions  of  reception  im- 
posed by  the  French  Gov- 
emment.t 


Ultimate  elongation .  6. 79  per  cent. 


.2.5 
(    15.2 


2.  5  per  cent, 
to 
per  cent. 


In  the  land 
service. 


45, 417  (breech). 

49, 675  (chase). 

87,  996  (breech). 

92,253  (ohase). 

10  per  cent. 

to 
14  per  cent. 


In  the  naval 
service. 

(Tnbes  and 
frettes.) 


I  42.  .'■.79  < 
I  85, 158  < 
>  5  per  cent.  < 


^-^-^ 

ss 

a  Z 

1       s«*. 

^22 

^^5m 

'        i^-S 

.        £.3^ 

b, 

41.159 

to 
48,965 

74, 513 

to 
83.029 

4. 5  per  cent. 

to 
17  per  cent. 


♦  See  Revue  d'Artillerie,  July.  1874.  p.  321. 

t  See  Aiue  M6moire  k  I'Usage  des  Omoiers  d'Artillerie.  1880.  pp.  63-65. 


Firth's  steelj  used  in  S-inch  hr etch-loading  rifle  Xo.  5. 

• 

xVverage  density 7.8574 

Average  teiiarily 115,75^i  lbs. 

Average  hardness 20192 

Hardness  of  copper 5 

Specimens,  how  taken.  ,    Density.      Tenacity. 

Tan«»«»i-n..  S  '        7. 8.'>61  110, 820 

Tangentially j  ^  ^^  ^^^  ^ 

Railially .• '        7.8603  115,265 

Longitudinally I        7.8610  109,840 


FIRTH  &  sons'  steel  FOB  ARMY  GUNS. 

liesults  of  tests  bif  tensile  strain  on  specimens  cut  from  5  S-inoh  jackets  {furnished  the  South 

Boston  Foundry), 

March  30,  1881. 


Tests  from  jackets  before  oil  tempeiing. 


Tests  from  Jacketa  alter  oil  tempering. 


How  treated. 


Breaking     l  i     Breaking 

strain  per    •  Elongation.     How  treated,     strain  per 

square  inch.  |  square  inch. 


S  lioft 

li  tempered  . 
U  tempered. 

.S  soft 

L  tempered  . 
U  tempered. 

L  t-iiip4i>red  , 

II  UUlptiiwl 


Tons. 
3L95 
47.47 
48.15 


32.28 
46.  12 
46. 12 


Inch. 

0.59 
.38 
.40 


.  55 
.36 
.38 


32.  28 
4.'»  45 
46^6 


OH' 

OH" 

OH" 

OH' 

OH" 

OH" 

OH' 

OH" 

OH  ' 

OH' 

OH" 

OH"' 

OH' 

OH' 

OH' 


Tomi. 
40.72 
40.72 
40.  72 
33.  30 
44.77 
46. 12 
40.72 
42.  07 
40.  05 
37.35 
4U.  16 
37.  :»5 
41.7.i 
41.40 
30. 37 


Elongation. 


Inch. 
0  46 

.37 
.04 
.09 
.11 
.28 
.43 
.13 
.03 
.14 
.04 
..33 
.21 
.39 
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FIRTH  &  SONS'  STEEL  FOR  ARMY  GUNS. 

lUsnlts  of  tests  by  tetmle  strain^  5  H-inch  slide  bars  (fttrnhhed  South  Boston  Foundry). 


Tests  before  oil  tempering. 


Tt'sts  ttfti'r  oil  tempering. 


How  treated. 


Breaking     '  {  Breaking 

strain  ptr   I  Elongation,  i  How  tix^ated.     strain  per 

8<iuare  inch.  ■  ,  8quai«  inch. 


8  soft 

L  temperoil . 
H  tempered. 

S  soft 

L  tempered- 
H  tempered. 


Tons. 
32.96 
48.82 
4&82 

IncA. 

0.48 
.31 
.24 

36.33 
67.20 
52.87 

.17 
.17 
.00 

S  soft 

L  tempered 
H  tempered 


Not  sufficient  material    for 
testing    bt<  fore  oil  tern 
p«'ring. 


S  soft 

L  tempereil V ilo 

H  tempered )| 


.do 


1 


S  soft , 

L  tempered  . 
H  tempered, 


34.65 
56.92 
54.22 


.42 
.09 
.16 


OH' 

OH' 

OH" 

OH' 

OH" 

OH"' 

OH' 

OH' 

OH'" 

OH' 

OH" 

OH'" 

OH' 

OH" 

OH"' 


Tons. 
39.71 
42.07 
41.06 

37.68 
38.70 
37.35 

53.21 
55.  2.1 
52.53 

.'^2  96 
30.60 
32.  62 

35.32 
37.35 
36.67 


Elongation. 


Inch. 

0.24 
.23 
.20 

.20 

.27 

.16 
.14 
.14 

.  22 
*.U5 
.31 

.30 
.  13 
.33 


FIRTH  &  SONS'  STEEL  FOR  ARMY  GUNS. 


ll'inch  Jacket  and  slide  bar  {furnished  to  the  South  Boston  Iron  Foundry). 

Apkil  7,  1881. 


Mark  and  number.     De.scriplion. 


Breaking     | 
How  treated.  {    strain  per    ,  Elongation, 
square  inch.  ; 


P.K.&CO Jacket S  soft 

Number  6 ' do L  tempered 

Do do    H  tempered 

P.K.&CO Slide  bar —    S  soft 

Number  6 do L  tempered . 

Do do ,  H  tempered. 


Ton*. 
27.90 
42.07 
40. 72 

32.96 
51.86 
54.22 


ngation. 

Remarks. 

Inch. 

0.55 
.40 
.42 

.54 
.16 
.22 

i  FuU  fiber. 

Full  fiber. 
Fine  grain. 
Fine  with  fiber 

REFERENCE  TO  THE  MARKS,  AC,  SHOWN  ON  OUK  TEST  REPORTS. 

S.  Soft.  Test  made  from  disc  cut  from  forging  previous  to  its  beiug  turued  or  tem- 
pered ill  oil,  and  tested  in  the  soft  state. 

L.  Tempered.  Test  made  from  disc  cut  from  forging  previous  to  its  being  turned  or 
tempered  in  oil,  and  turned  to  the  size  shown  on  diagram  (.658  inch)  then  tem- 
pered in  oil  at  a  low  cherry  red  heat,  and  afterwards  turned  to  the  proper  size  (.5:{3 
inch)  and  tested. 

H.  Tempered.  Do.  bu*.  tempere<l  in  oil  at  a  high  cherry  red  heat,  and  afterwards  turned 
to  the  proper  size  (.533  inch)  and  test*  cl. 

OH.    .   Oil  tempered,  ^^^.g^^  ^^^^^^  jy^j„j  ji^^  ^^j.  f^om  forging  after  it  has  been  rough 

Unished,  tempered  in  oil. 


•  • 


The  dots  merely  denote  the  nnmber  (1,  2,  and  3)  of  specimens  te.*jted. 

Norfolk  Work.<, 

Sheffield  J  June  2y  1881. 
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DIAOBAM  OF  TESTING  PIECE  FOR  TENSILE  STRAIN. 

(Fall  lines  show  flniabed  sizes.    Dotted  lines  show  the  amount  left  on  the  specimens  previously  to  its 
being  tempered  or  hardened  in  oil.    The  strains  are  calculated  on  the  primary  sections.] 


WOOLWICH  STANDARD. 


FULL  8XZB. 


Tons  per  square 
inch  at—      \ 


T 


Soft: 

Low 

High.. 

Tempered: 


Bpei 
Lov 

High 


a 


bli 

a 

1 


>* 

m     j 

11.5 
up  to 
14.0 

28.5 

up  to 

34.0 

20.0 

up  to 

84.0 

40.0 

up  to 

58.0 

Elongation  in  a 
specimen  which 
has  the  breaking 

{>art    2    inches 
ong. 


Inch. 

.20 
np  to 

.60 
or  anything  above. 

.05 

up  to 

.30 

or  uiything  above. 


I 


Diameter  of  testing  piece  .533''  s  area  .2231"  .2231"  X  4i  =  I 
kv  1  square  inch.  I 


a»7  1  square 


I 


t„i.„.J 


Report  of  tests  by  tensile  strain  on  specimens  out  from  5  8-inch  jaoketSj  supplied  to  Messrs, 
Paulding,  Kemhle  ^  Ck>.,  West  Point  Foundry^  March  30, 1881,  from  Messrs,  Firth  f 
Sons, 

TESTS  FROM  JACKETS  BEFORE  OIL  TBMPBRINO. 


Breaking  strain  per  square  inch : 

S.  Soft tons, 

L.  Tempered do.. 

H.  Tempered do.. 

Elongation : 

S.  Soft ; inches. 

L.  Tempered do... 

H.  Tempered .• do... 

TESTS  FROM  JACKETS  AFTER  OIL  TEMPERING. 


32.17 

46.34} 
46.91 


.&5i 
.39} 
.38 


Breaking  strain  per  sqnare  inch: 

O.H 

O.  H. 
O.H. 

9  OBD 


•  • 


••• 


tons. 
.  do.. 
.  do.. 


38.761 
43.621 
40.72} 
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EloDgatioD : 

O.  H inches..       .22^ 

O.  H.     • do 25 

O.H.     .• do 20J 

Results  of  testa  by  tensile  strain  an  specimens  cut  from  5  H-inch  slide  bars  supplied  to  Messrs, 
Paulding,  Kemble  /•  Co.,  West  Point  Foundry,  March  30,  1881. 

TBStS  FROM  SLIDE  BARS  BEFORE  OIL  TEMPERING. 

Breaking  strain  per  square  inch : 

S.  soft tons..  34.68 

L.  tempered do...  54. 33^- 

H. tempered do...  51.97 

Elongation :  \ 

S.  soft inches,.       .35| 

L.  tempered do 19 

H.  tempered do 19f 

TESTS  FROM  SLIDE  BARS  AFTER  OIL  TEBfPERING. 

Breaking  strain  per  square  inch : 

a.  soft tons..  39.77f 

Ii.  tempered do...  40.79 

H.  tempered do...  40. 04f 

Elongation : 

S.  soft inches..      .23| 

Ii.  tempered do 17f 

H.  tempered do 25 

Besults  of  tests  hy  tensile  strain  on  specimens  cut  from  ll-tnc^  jacket  and  11-inc^  slide  bar 

supplied  to  Messrs.  Paulding,  Kemble  ^  Co,,  April  7,  1881. 

TESTS  FROM  JACKET. 

Breaking  strain  per  square  inch : 

S.  soft tons..  27.90 

L.  tempered do...  42.07 

H.  tempered do...  40.72 

Elongation : 

S.  soft * - inches..       .55 

L.  tempered do 40 

H.  tempered do 42 

TESTS  FROM  SLIDE  BAR. 

Breaking  strain  per  square  inch : 

8.  soft tons..  32.96 

L.  tempered do...  51.86 

H.  tempered do...  54.22 

Elongation : 

S.  soft ^ inches..       .54 

L.  tempered .* do 16 

H.  tempered do 22 


^ 
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Specimen  Marked  ITo.  2. 

Table  showing  the  extension^  restoration,  and  permanent  set  caused  by  the  undermentioned 
weights  per  square  inch  of  section  acting  upon  a  solid  cylinder  3  inches  long  and  0.563  inch 
in  diameter  of  FirtVs  steel  (oil-tempered),  taken  longitudinally  from  interior  of  breech 
receiver  of  dAnch  breech-loading  rifle  No.  5  {chambered)^  after  rupture. 


Weight  p«r    <    ExteDsion 
square  inch  of  I  per  inch  io 
sectioii.        I      length. 


SuccessLYe  j  w^,«.«_a*i«„  Soccossive 

extension  ??J^?iL*Sj^?°  restoration 

per  inch  in  P^,U^        \  per  inch  in 

lAntrfh  length.      '  *^i«„^h 


length. 


Pounds. 
1.000 
2,000 
3,000 
4.000 
5,000 
6.000 
7,000 
8.000 
9.000 
10.000 
11.000 
12,000 
13,000 
14.000 
15,000 
16.000 
17,000 
18,000 
19.000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28.000 
29,000 
30,000 
31,000 
32,000 
33,000 
34.000 
35,000 
36.000 
37.000 
38.000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53.000 
54.000 
55.000 
56,000 
57,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
0^000 
66,000 
67,000 
68.000 
60,000 
70.000 


Inch. 
O.OOoO 
.0000 
.0000 
.0000 
.0000 
.0002 
.0003 
.0003 
.0003 
.0003 
.0003 
.0003 
.0003 
.0003 
.0005 
.0005 
.0005 
.0005 
.0006 
.0006 
.0006 
.0006 
.0006 
.0008 
.0008 
.0010 
.0010 
.0010 
.0010 
.0010 
.0013 
.0013 
.0013 
.0013 
.0013 
.0013 
.0015 
.0015 
.0015 
.0016 
.0016 
.0016 
.0016 
.0016 
.0016 
.0018 
.0018 
.0018 
.0020 
.0020 
.0021 
.0021 
.0021 
.0021 
.0021 
.0021 
.0023 
.0023 
.0023 
.0023 
.0026 
.0026 
.0025 
.0026 
.0026 
.0030 
.0036 
.0040 
.0090 
.0068 


Inch. 

0.0000 
0000 
0000 
0000 
0000 
0002 
0001 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0002 
0000 
0000 
0000 
0001 
0000 
0000 
0000 
0000 
0002 
0000 
0002 
0000 
0000 
0000 
0000 
0003 
0000 
0000 
0000 
0000 
0000 
0002 
0000 
0000 
0001 
0000 
0000 
0000 
0000 
0000 
0002 
0000 
0000 
0002 
0000 
0001 
0000 
0000 
0000 
0000 
0000 
0002 
0000 
0000 
0000 
00i2 
0000 
0000 
0000 
0001 
0004 
0006 
0004 
0010 
0013 


Inch. 
0.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0003 
.0003 
.0003 
.0003 
.0003 
.0003 
.0003 
.0003 
.0005 
.0005 
.0005 
.0005 
.0006 
.0006 
.0006 
.0006 
.0006 
.0008 
.0008 
.0010 
.0010 
.0010 
.0010 
.0010 
.0013 
.0013 
.0013 
.0013 
.0013 
.0013 
.0015 
.0015 
.0015 
.0016 
.0016 
.0016 
.0016 
.0016 
.0016 
.0018 
.0018 
.0018 
.0020 
.0020 
.0021 
.0021 
.0021 
.0021 
.0021 
.0021 
.0023 
.0028 
.0023 
.0028 
.0022 
.0022 
.-0022 
.0022 
.0023 
.0027 
.0033 
.0080 
.0034 
.0033 


length. 


Inch. 

0.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0001 
*  .0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0002 

.oooa 

.0002 
.0000 
.0000 
.0000 
.0000 
.0003 

:oooo 

.0000 
.0000 
.0000 
.0000 
.0002 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0000 
.0000 
.0002 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0000 
.0000 
.0000 

—.0001 
.0000 
.0000 
.0000 
.0001 
.0004 
.0006 

—.0003 
.0004 

—.0001 


Permanent  i  ^J!?^!!? 

set  per  inch   P!'??!^®"^ 

in?ength.  I  t^.' 


Inch. 
0.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0003 
.0003 
.0008 
.0003 
.0003 
.0008 
.0003 
.0010 
.0016 
.0080 


Inch. 
0.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
•0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0003 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0007 
.0006 
.0014 
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Table  shotcing  th^  extension^  restoratiofij  ^c. — Continued. 


"Weight  per 

sqnare  inch  of 

section. 


Extension 


Snooeflsive 
««..  {««!,  Sr.        extension 

^i«^h        •   per  inch  in 
length.  ^  ^^^^^^ 


Poundt. 

71.000 

754,000 

73,000 

74,000 

75,000 

76,000 

77,000 

78.000 

79,000 

80,000 

81,000 

82.000 

83.000 

«4.000 

35.000 

86.000 

^,000 

88.000 

89,000 

90,000 

91,000 

92,000 

03.000 

94,000 

95,000 

96.000 

97,000 

98,000 

99,000 

100.000 

101, 000 

102,000 

103.000 

104.000 

105,000 

106.000 

107.000 

108,000 

109.000 

110,000 

111.000 

112,000 


Inch. 
.0070 
.0080 
.0086 
.0090 
.0096 
.0103 
.0110 
.0116 
.0120 
.0123 
.0130 
.0143 
.0146 
.  0153 
.0163 
.0166 
.•173 
.0183 
.0186 
.0200 
.0213 
.0220 
.0230 
.0236 
.0246 
-.0263 
.0273 
.0290 
.0303 
.0313 
.0323 
.0346 
.0356 
.0370 
.0400 
.0413 
.0430 
.0450 
.0480 
.0513 
.0540 
.0506 


Inch. 

.0007 

.0010 

.0006 

.0004 

.0006 

.0007 

.0007 

.0006 

.0004 

.0003 

.0007 

.0013 

.0003 

.0007 

.0010 

.0003 

,.00ti7 

.0010 

.0«K)8» 

.0014 

.0013 

.0007 

.0010 

.0006 

.0010 

.0017 

.0010 

.0017 

.0013 

.0010 

.0010 

.0023 

.0010 

.0014 

.0030 

.0013 

.0017 

.0020 

.0030 

.0033 

.0027 

.0056 


Restoration 

per  inch  in 

length. 

Inch. 

Successive 

restoration 

per  inch  in 

length. 

Inch. 

Permanent 

set  per  inch 

in  h'Ugth. 

Inch. 

.0034 

.0001 

.0036 

.0037 

.0003 

.0043 

.0036 

—.0001 

.0050 

.0037 

.0001 

.0053 

.0036 

—.0001 

.0060 

.0040 

.0004 

.0063 

.0040 

.0000 

.0070 

.0043 

.0003 

.0073 

.0044 

.0001 

.0076 

.0040 

—.0004 

.0083 

.0046 

.0000 

.0090 

.0047 

.0007 

.0096 

.0046 

—.0001 

.0100 

.0047 

.0001 

.0106 

.0047 

.0000 

.0116 

.0046 

—.0001 

.0120 

.0043 

—.0003 

.0130 

.0047 

.0004 

.0136 

.0043 

—.0004 

.0143 

.0054 

.0011 

.0146 

.0057 

.0003 

.0156 

.0054 

—.0003 

.0166 

.0057 

.0003 

.0173 

.0053 

^0004 

.0183 

.0056 

.0003 

.0190 

.0057 

.0001 

.0206 

.0057 

.0000 

.0216 

.0060 

.0003 

.0230 

.0063 

.0003 

.0240 

.0060 

—.0003 

.0253 

.0060 

.0000 

.0263 

.0066 

.0006 

.0280 

.0060 

—.0006 

.0296 

.0060 

.0000 

.0310 

.0067 

.0007 

.0333 

.0067 

.0000 

.0346 

.0064 

—.0003 

.0366 

.0060 

—.0004 

.0390 

.0060 

.0000 

.0420 

.0070 

.0010 

.0443 

.0067 

^0003 

.0473 

.0016 

—.0051 

.0580 

Successiye 

permanent 

set  per  inch 

in  length. 


Inch. 

.0006 

.0007 

.0007 

.0003 

.0007 

.0003 

.0007 

.0003 

.0003 

.0007 

.0007 

.0006 

.0004 

.0006 

.0010 

.0004 

.0010 

.0006 

.0007 

.0003 

.0010 

.0010 

.0007 

.0010 

.0007 

.0016 

.0010 

.0014 

.0010 

.0013 

.0010 

.0017 

.0016 

.0014 

.0023 

.0013 

.0020 

.0024 

.0080 

.0023 

.0030 

.0107 


QENERAL  SUMMARY. 


^peciflo  gravity 

Tenacity ponnds.. 

Elastic  limit do 61. 000 

Extension  per  in  ch  at  elaatic  limit inch . .      .  0026 

V  Itimate  resistance pounds . .  112. 000 

intimate  extension inch . .    0. 0506 

Hardness 22 

Reduction  in  diameter  at  rupture inch . .      0. 018 

Original  area  of  cross-section 1 square  inch. .  0. 24894 

Area  after  rupture do  ...  0.23338 

Reduction  in  area  at  rupture 6i  per  cent 

Position  of  rupture near  middle. 

Character  of  surface fine  granular. 
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Specimen  Marked  l^o.  4. 


Table  showing  the  extenBion,  restoration,  and  permanent  stt  caueed  hy  the  undermentioned 
weights  per  square  inch  of  section  acting  upon  a  solid  cylinder  3  inches  long  and  0.563  inch 
in  diameter  of  Firth^s  steel  (oil'temper&El)j  taken  longitudinally  from  interior  of  breech  re- 
ceiver ofO-inch  breech-loading  rifle  No.  5  (chambered)^  after  rupture. 


Weight  per 

•qaareinchof 

section. 

Extension 

per  inch  in 

length. 

Inch. 

Successive 
extension 
t  per  inch  in 
length. 

1 

Restoration 

per  inch  in 

length. 

1  Successive 
restoration 
1  per  inch  in 
length. 

1 

1  Permanent 
1  set  per  inch 
1  in  length. 

1 

.  Suooessivo 
permanent 
set  per  inch 
in  length. 

Pounds. 

Inch. 

Inch. 

Inch. 

1 

Inch. 

1 

Inch. 

1,000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

•    0.0000 

2,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.tOOO 

3,000 

.0000 

.0000 

.0000 

.0000 

.0000 

'     .0000 

4.000 

.0000 

.0000 

.0000 

.  000m 

.0000 

.0000 

5.000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

6,000 

,     .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

7,000 

.0003 

.0003 

.0003 

.0003 

.0000 

.0009 

8,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

9.000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

10,000 

.0003 

.0000    , 

.0003 

•  OOOt) 

.0000 

.0000 

11,000 

.0003 

.0000    1 

.0003 

•  .0000 

.0000 

.0000 

12,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

13,000 

.0003 

.0000 

.0003 

.0000 

.0000 

.0000 

14,000 

.0003 

.0000  ; 

.0003 

.0000 

.0000 

.0000 

15.000 

.0005 

.0002    1 

.0005    I 

.0002 

.0000 

.0000 

16,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

17,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

18,000 

.0006 

.0001 

.0006    1 

.0001 

.0000 

.0009 

19,000 

.0006 

.0000 

.0006    I 

.0000 

.0000 

.0000 

20,000 

.0006 

.0000 

.0006 

.0000 

.0009 

.0000 

21,000 

.0006 

.0000 

.0006    j 

.0000 

.0000 

.0000 

22,000 

.0008 

.0002 

.0008 

.0002 

.0000 

.0600 

23.000 

.0008 

.0000 

.0008 

.0000 

.0000 

.0600 

24,000 

.0008 

.0000 

.0008 

-0000 

.0000 

.0000 

25,000 

.0008 

.0000 

.0008 

.0000 

.0000 

.0000 

26,000 

.0010 

.0002 

.0010 

.0002 

.0000 

.0600 

27,0U0 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

28.000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

29.000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

30,000 

.0012 

.0002 

.0012 

.0002 

.0000 

.0000 

31,000 

.0012 

.0000 

.0012 

.0000 

.0000 

.0000 

32.000 

.0012 

.0000 

.0012 

.0000 

.0000 

.0000 

33,000 

.0012 

.0000 

.0012 

.0000 

.0000 

.0000 

34.000 

.0012 

.0000 

.0012 

.0000 

.0000 

.0000 

35,000 

.0013 

.0001 

.0013 

.0001 

.0000 

.0000 

36,000 

.<K)13 

.0000 

.0013 

.0000 

.0000 

.0000 

37.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

38,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

39.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

40.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

4L000 

.0013 

.0000 

.0013 

.  .0000 

.0000 

.0000 

42,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

43.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

44.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

46.000 

.0013 

.0000 

•0013 

.0000 

.0000 

.0000 

46,000 

.0015 

.0002 

.0015 

.0002 

.0000 

.0000 

47.000 

.0015 

.0000 

.0015 

.0000 

.0000 

.0000 

48*000 

.0015 

.   .0000 

.0015 

.0000 

.0000 

.0000 

49,000 

.0015 

.0000 

.0015 

.0000 

.0000 

.0000 

50.000 

.0020 

.0005 

.0017 

.0002 

.0003 

.0003 

51.000 

.0053 

.0033 

.0023 

.0006 

.0030 

.0027 

52,000 

.0066 

.0013 

.0030 

.0007 

.0036 

.0006 

53,000 

.0083 

0017 

.0043 

.0013 

.0040 

.0004 

54.000 

.0090 

.0007 

.0030 

—  0013 

.0060 

.0020 

55,000 

.0093 

.e003 

.0027 

—  0003 

.0066 

.0006 

56,000 

.0103 

.0010 

.0030 

.0003 

.0073 

.0007 

67,000 

.0110 

.0007 

.0034 

.0004 

.0076 

.0003 

58.000  . 

.0113 

.0003 

.0030 

—  0004 

.0083 

.0007 

.•W.OOO 

.0128 

.0010 

.0033 

.0003 

.0090 

.0007 

66,000 

.0126 

.0003 

.0033 

.0000 

.0093 

.0003 

61.000 

.0133 

.0007 

.0033 

.0000 

.0100 

.0007 

62,000 

.0140 

.0007 

.0034 

.0001 

.0106 

.0006 

63,000 

.0150 

.0010 

.0034 

.0000 

.0116 

.0010 

64.000 

.0156 

.0006 

,0030 

—  0004 

.0126 

.0010 

6.'!.  000 

.0170 

.0014 

.0037 

.0007 

.0133 

.0007 

66,000 

.0180 

.0010 

.0037 

.0000 

.0143 

.0010 

67,000 

.0186 

.0006 

.0036 

—  0001 

.0150 

.0007 

68.000 

.0196 

.0010 

.0040 

.0004 

0156 

.0006 

•9,000 

.0206 

.0010 

.0040 

.0000 

.0166 

.0010 

70,000 

.0216 

.0010 

.0040 

.0000 

.0176 

.0010 

71,000 

*     .0233 

'     . 0017 

.0040 

.0000 

.0193 

.0017 
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Table  showing  the  extension,  reatoratioUf  ^o, — Continued. 


1 

i 

Weight  per  j 

square  inch  of  1 

section.      > 

1 

1 

Extension 

per  inch  in 

length. 

Saccessive 

extension 

per  inch  in 

length. 

Inch. 

Beatoration 

per  inch  in 

length. 

1 

Sncoeaaiye 

restoration 

per  inch  in 

length. 

Inch. 

Permanent 

set  per  inch 

in  length. 

1 

Saocessive 

permanent 

aet  per  inch 

in  length. 

Pouixdt. 

Inch. 

i 

'        Inch. 

Inch. 

Inch. 

72,000 

.0243 

.0010 

.0040 

.0000 

.0203 

.0010 

73,000 

.0260 

.0017 

.0044 

.0004 

.0216 

.0013 

74,000 

.0273 

.0013 

.0047 

.00()3 

.0226 

.0010 

75,000 

.0286 

.0013 

.0043 

—.0004 

.0243 

.0017 

76,000 

.0300 

.0014 

1          .0044 

.0001 

.0256 

.0013 

77,000 

.0323 

.0023 

.0047 

.0003 

.0276 

.0020 

78,000 

.0343 

.0020 

.0047 

.0000 

.0296 

.0020 

79,000 

.0363 

.0020 

.0047 

.0000 

1          .  0316 

.0020 

80,000 

.0376 

.0013 

.0046 

—.0001 

.0330 

.0014 

81,000 

.0393 

.0017 

.0050 

.0004 

1          .0343 

.0013 

82,000 

.0416 

.0023 

.0053 

.0003 

.0363 

.0020 

83,000 

.0443 

.0027 

.0053 

.0000 

.0390 

.0027 

84,000 

.0476 

.0033 

.0053 

.0000 

.0423 

.0033 

85,000 

.0500 

.0024 

.0047 

—.0006 

.0453 

.0030 

86,000 

.0533 

.0033 

.0060 

.0013 

i          .0473 

.0020 

87,000 

.0566 

.0033 

.0056 

—.0004 

.0510 

.0027 

88,000 

.0616 

.      .0050 

.0056 

.0000 

.0560 

.0050 

89,000 

.0666 

.0050 

.0060 

.0004 

.0606 

.0046 

90,000 

.0700 

.0034 

.0044 

■      —.0016 

.0656 

.0050 

91,000 

.0783 

.0083 

.0063 

.0019 

.0720 

.0064 

92,000 

.0833 

.0050 

.0050 

1 

—.0013 

.0783 

.0063 

GENERAL  SUMMARY. 

Specific  gravity 

Tenacity pounds.. 

Elastic  limit do 50,000 

Extension  per  inch  at  elastic  limit inch . .        0. 0020 

intimate  resistance pounds . .       92, 000 

intimate  extension inch..        0.0833 

Hardness 20.6 

Reduction  in  diameter  at  rupture inch. .         0. 032 

Original  area  of  cross  section square  inch . .      0. 24894 

Area  after  rupture do 0. 22145 

Reduction  in  area  at  rupture 11  per  cent. 

Position  of  rupture \  inch  from  lower  shoulder. 

C haracter  of  surface fine  granular. 


Specimen  of  Firth's  Steel  (Oil-tempered),  Marked  No.  6. 

Tahle  shovoing  the  extension^  restoratioUy  and  permanent  set  caused  hy  the  undermentioned 
weights  per  sqtiare  inch  of  area  acting  upon  a  solid  cylinder  3  inches  long  and  0.562  inch 
in  diametery  taken  longitudinally  from  outside  of  breech  receiver  from  S-inch  hreech-load' 
ing  rifle  No.  5,  after  rupture. 


Wright  per    I     Extension 
square  inch  of ,  per    inch    in 


original  area. 


PoundM. 

1,000 

2.000 

3.000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16.000 

17,000 


length. 


Inch. 

0.0000 
.0000 
.0000 
.0000 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 


Successive 

extension 

per  inch  in 

length. 


Restoration 


Inch. 

0.0000 
.0000 
.0000 
.0000 
.0010 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


Successive 
««»  *««u  *«   restoration 

length.    ^"length. 


Inch. 
0.0000 
.0000 
.0000 
.0000 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 
.0010 


Inch. 
0.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


Permanent  '  Successive 

set  per  inch  Pf^^i^fii 

in  length.  l^if^^X 


Inch. 
0.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 


I 

Inch. 

,  0.0000 
.0000 

!    .0000 

'  .0000 
.0000 
.0000 

I  .0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

I    .0000 
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Table  showing  the  extensionf  restorationf  j-c, — Continued. 


Weight  per 
«qaare  inch  of 
[original  area. 

Extension 

per  inch  in 

Iragth. 

Saooeesive 

extension 

per  inch  in 

length. 

Inch. 

Restoration 

per  inch  in 

length. 

Inch, 

Saccesaive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

Snccessive 

permanent 

set  per  inch 

in  length. 

Found*. 

Inch. 

Inch. 

Inch. 

Inch. 

18.000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

19,000 

.0010 

.0600 

.0010 

.0000 

.0000 

.0000 

20,000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

21.000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

22,000 

.0910 

.0000 

.0010 

.0000 

.0000 

.0000 

23,000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

24.000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

25,000 

.0010 

.0000- 

.0010 

.0000 

.0000 

.0000 

26,000 

.0010 

.0000 

.0010 

.0000 

.0000 

,0000 

27,000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

28.000 

.0012 

.0002 

.0012 

.0002 

.0000 

.0000 

29,000 

.0012 

.0000 

.0012 

.0000 

.0000 

.0000 

30,000 

.0015 

.0003 

.0015 

.0000 

.0000 

.0000 

31,000 

.0016 

.0001 

.0016 

.0003 

.0000 

.0000 

32,000 

.0016 

.0000 

.0016 

.0001 

.0000 

.0000 

33.000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

34,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

35,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

36,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

37.000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

38,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

39,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

40,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

41,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

42,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

43,000 

.0020 

.0004 

.0020 

.0004 

.0000 

.0000 

44.000 

.  0020 

.0000 

.0020 

.0000 

.0000 

.0000 

45,000 

.0023 

.0003 

.0020 

.0000 

.0003 

.0003 

46,000 

.0030 

.0007 

.0020 

.0000 

.0010 

.0007 

47,000 

.0033 

.0003 

.0020 

.0000 

.0013 

.0003 

48,000 

.0036 

.0003 

.0020 

.0000 

.0016 

.0003 

49.000 

.0036 

.0000 

.0020 

.0000 

.0016 

.0000 

50,000 

.0040 

.0004 

.0024 

.0004 

.0016 

.0000 

.51.000 

.0046 

.0006 

.0063 

—  .0001 

.0023 

.0007 

52.000 

.0050 

.0004 

.0024 

.0001 

.0026 

.0003 

53.000 

.0056 

.0006 

.0026 

—  .0002 

.0030 

.0004 

54,000 

.oo7o 

.0014 

.0024 

—  .0002 

.0046 

.0016 

55.000 

.0100 

.0030 

.0030 

.0006 

.'0070 

.0024 

56,000 

.0106 

.0006 

.0026 

—  .0004 

.0080 

.0010 

57.000 

.0116 

.0010 

.0033 

.0007 

.0083 

.0003 

58.000 

.0126 

.0010 

.0033 

.0000 

.0093 

.0010 

59,000 

.0133 

.0007 

.0033 

.0000 

.0100 

.0007 

60,000 

.0136 

.0003 

.0033 

.0000 

.0103 

.0008 

61,000 

.0146 

.0010 

.0036 

.0003 

.0110 

.0007 

62,000 

.0153 

.0007 

.0030 

—  .0006 

.0123 

.0013 

63.000 

.0163 

.0010 

.0033 

.0003 

.0130 

.0007 

64,000 

.0173 

.0010 

.0033 

.0000 

.0140 

.0010 

65,000 

.0180 

.0007 

.0034 

.0001 

.0146 

.0006 

66.000 

.0190 

.0010 

.0037 

.0003 

.0153 

.0007 

67,000 

.0203 

.0013 

.0037 

.0000 

.0166 

.0013 

68.000 

.0216 

.0013 

.0043 

.0006 

.0173 

.0007 

69.000 

.0220 

.0004 

.0040 

—  .0003 

.0180 

.0007 

70,000 

.0236 

.0016 

.0043 

.0003 

.0193 

.0018 

71,000 

.0250 

.0014 

.0040 

—  .0003 

.0210 

.0017 

72,000 

.0260 

.0010 

.0040 

.0000 

.0220 

.0010 

73,000 

.0276 

.0016 

.0043 

—  .0003 

.0233 

.0013 

74,000 

.0290 

.0014 

.0047 

.0004 

.0243 

.0010 

75,000 

.0303 

.0013 
.0017 

.0043 

—  .0004 

.0260 

.0017 

76.000 

.0320 

.0044 

.0001 

.0276 

.0016 

77.000 

.0340 

.0020 

.0047 

.0003 

.0293 

.0017 

78,000 

.0353 

.0013 

.0043 

—  .0004 

.0810 

.0017 

79,000 

.0406 

.0053 

• 

.0033 

—  .0010 

.0373 

.0068 

GENERAL  SUMMARY. 

• 

Specific  grarity 

Miudness 19.49 

Tenacity ponnda.. 

Xlaatic  limit do....       45,000 

Bxtenaion  per  inch  at  elastic  limit inch..       0.0028 

Ultimate  resistance  per  sq nare  inch  of  original  area pounds . .       79, 000 

intimate  extension  per  inch inch . .       0. 0400 

Batio  of  elastic  to  nltimate  resistance 1  to  1.75 

Contraction  in  area  at  fracture 3  per  cent. 

Ultimate  resistance  per  sqnare  inch  of  firactared  area pounds..       81.294 

Position  of  fracture near  middle. 

Character  of  surfsce fine  grain. 
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Specimen  of  Firth's  Steel  (Oil-tempered),  Marked  No.  7. 


rifle  JVo.  5,  qfter  rupture 


Weight  per 

square  inch  of 

original  area. 

Extension 

per  inch  in 

length. 

Saocessive 

extension 

per  inch  in 

length. 

Bestoration 

per  inch  in 

length. 

Inch. 

Sncceesive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

Snooessive 

permanent 

set  per  inch 

in  length. 

Poundt. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

1,000 

0.0000 

0.0000 

0.0000 

0.0000   , 

0.0000 

0.0000 

2,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

3,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

4,000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

5,000 

.0003 

.0003 

.0003 

.0003 

.0000 

.0000 

6,000 

.0005 

.0002 

.0006 

.0002 

.0000 

.0000 

7,000 

.0005 

.0000 

.0005 

.0000 

.0000 

.0000 

8,000 

.0006 

.0001 

.0006 

.0001 

.0000 

.0000 

9,000 

.0006 

.0000 

.0006 

.0000 

.0000 

.0000 

10,000 

.0006 

.0000 

.0006 

.0000 

.0000 

.0000 

11,000 

.0008 

.0002 

.0008 

.0002 

.0000 

.0000 

12.000 

.0008 

.0000 

.0008 

.0000 

.0000 

.0000 

13,000 

.0008 

.0000 

.0008 

.0000 

.0000 

.0000 

14,000 

.0010 

.0002 

.0010 

.0002 

.0000 

.0000 

16,000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

10,000 

.0016 

.0000 

.0010 

.0000 

.0000 

.0000 

17,000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

18,000 

.0010 

.0000 

.0010 

.0000 

.0000 

.0000 

19,000 

.0011 

.0001 

.0011 

.0001 

.0000 

.0000 

20,000 

.0011 

.0000 

.0011 

.0000 

.0000 

.0000 

21,000 

.0011 

.0000 

.0011 

.  .0000 

.0000 

.0000 

22,000 

.0013 

.0002 

.0013 

.0002 

.0000 

.0000 

23,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

24,000 

.0014 

.0000 

.0013 

.0000 

.0000 

.0000 

25,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

26,000 

.0013 

.0000 

0013 

.0000 

.0000 

.0000 

27,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

28,000 

.0013 

.0000 

.0013 

.0000 

.11000 

.0000 

29,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

30,000 

.0013 

.0000 

.0013 

.0000 

.   .0000 

.0000 

31,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

82,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

88,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

84.000 

.0013 

.0000 

.0013 

.0000 

.0000, 

.0000 

85,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

36.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

37,000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

38.000 

.0013 

.0000 

.0013 

.0000 

.0000 

.0000 

39,000 

.0015 

.0002 

.0015 

.0002 

.0000 

.0000 

40,000 

.0015 

.0000 

.0015 

.0000 

.0000 

.0000 

41,000 

.0015 

.0000  • 

.0015 

.0000 

.0000 

.0000 

42,000 

.0015 

.0000 

.0015 

.0000 

.0000 

.0000 

43,000 

.0015 

.0000 

.0015 

.0000 

.0000 

.0000 

44,000 

.0015 

.0000 

.0015 

.0000 

.0000 

.0000 

46.000 

.0016 

.0001 

.0016 

.0001 

.0000 

.0000 

46,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

47,000 

.0016 

.0000 

.0016 

.0000 

.0000 

.0000 

48,000 

.0018 

.0002 

.0018 

.0002 

.0000 

.0000 

49,000 

.0020 

.0002 

.0020 

.0002 

.0000 

.0000 

50,000 

.0020 

.0000 

.0020 

.0000 

.0000 

.0000 

51,000 

,0023 

.0003 

.0023 

.0003 

.0000 

.0000 

52,000 

.0036 

.0013 

.0026 

.0003 

.0010 

.0010 

53,000 

.0043 

.0007 

.0020 

-.0006 

.0023 

.0013 

54,000 

.0060 

.0017 

.0027 

.0007 

•  0033 

.0010 

55,000 

.0066 

.0006 

.0026 

-.0001 

.0040 

.0007 

56.000 

.0076 

.0010 

.0026 

.0000 

.0060 

.0010 

57,000 

.0083 

.0007 

.0027 

.0001 

.0056 

.0006 

68,000 

.0090 

.0007 

.0030 

.0003 

.0060 

.0004 

59,000 

.0096 

.0006 

.0030 

.0000 

.0066 

.0006 

60,000 

.0103 

.0007 

.0030 

.0000 

.0073 

.0007  • 

61,000 

.0113 

.0010 

.0030 

.0000 

.0083 

.0010 

62,000 

.0123 

.0010 

.0033 

.0003 

.0090 

.0007 

63,000 

.0130 

.0007 

.0014 

.0001 

.0096 

.0006 

64,000 

.0136 

.0006 

.0033 

-.0001 

.0103 

.0007 

65,000 

.0146 

.0010 

.0033 

.0000 

.0113 

.0019 

66,000 

.0156 

.0010 

.0033 

.0000 

.0128 

.0010 

67,000 

.0166 

.0010 

.0036 

.0003 

.0180 

.0007 

68,000 

.0173 

.0007 

.0037 

.0001 

.0136 

.0006 

69  000 

.0183 

.0010 

.0037 

.0000 

.0146 

.0010 

70,  000 

.0190 

.0007 

.0037 

.0000 

.0153 

.0007 

71,000 

.0203 

.0018 

.0040 

.0003 

.0168 

.0010 
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Table  ahowing  the  extension ^  restoration j  and  permanent  set^  ^e, — Coutinued. 


Weight  per 

•quAre  inon  of 

(mgixuJareA. 


Pounds. 
72,000 
73,000 
74,000 
75,000 
7«,000 
77,000 
78,000 
79.000 
80,000 
81,000 
82,000 
88,000 
84,000 
86,000 
80,000 
87,000 
88,000 
80,000 
90,000 
91,000 
92,000 
93,000 
94,000 
96,000 


Extension 

per  inch  in 

length. 


Inch. 
.0210 
.0223 
.0233 
.0246 
.0260 
.0280 
.0290 
.0306 
.0328 
.0346 
.0370 
.0300 
.0410 
.0428 
.0446 
.0476 
,0606 
.0646 
.0670 
.0606 
.0660 
.0713 
.0780 
.0880 


SncoeaaiTe 

extension 

per  inch  in 

length. 


Inch. 

.0007 
.0013 
.0010 
.0013 
.0014 
.0020 
.0010 
.0016 
.0017 
.0023 
.0024 
.0020 
.0020 
.0013 
.0023 
.0030 
.0030 
.0040 
.0024 
.0036 
.0054 
.0063 
.0067 
.0100 


SncceaBiTe 
«>o^  i««i,  4«     reetormtlon 

length. 


Bestoration 

»r  inch  i 

length. 


Inch. 
.0040 
.0040 
.0040 
.0043 
.0044 
.0047 
.0044 
.0050 
.0043 
.0063 
.0064 
.0064 
.0064 
.0063 
.0053 
.0068 
.0050 
.0056 
.0054 
.0066 
.0060 
.0060 
.0067 
.0064 


Jneh. 
.0000 
.0000 
.0000 
.0003 
.0001 
.0003 

-r.0003 

.0006 

—.0007 
.0010 
.0001 
.0000 
.0000 

—.0001 
.0000 
.0000 

^0003 
.0006 

—.0002 
.0002 
.0004 
.0000 
.0007 

—.0008 


PermMient  '  S^S^il? 
set  per  inch  •  Pf™!?*Sli 


Inch. 
.0170 
.0183 
.0198 
.0203 
.0216 
.0288 
.0246 
.0266 
.0280 
.0293 
.0316 
.0336 
.0856 
.0870 
.0393 
.0428 
.0456 
.0490 
.0616 
.0650 
.0600 
.0663 
.0718 
.0816 


Inch. 

.0007 

.0013 

.0010 

.0010 

.0013 

.0017 

.0018 

.0010 

.Ck)24 

.0013 

.0023 

.0020 

.0020 

.0014 

.0028 

.0030 

.0033 

.0034 

.0026 

.0084 

.0050 

.0053 

.0060 

.0108 


6ENEBAL  STTMMAHY. 


Speoiflo  grmTlty 

Hardness 20.50 

Tenacity poonds.. 

XlMtic limit do....    62,000 

Extension  per  inch  at  elastic  limit inch . .    0. 0080 

Ultimate  resistance  per  sq oare  inch  of  original  area pounds . .    96, 000 

Ultimate  extension  per  inch inch..    0.0880 

Batio  of  elastic  to  nltimate  resistance    Ito  1.82* 

Ckmtraotion  in  area  at  fhMstore 6  per  cent. 

Ultimate  resistance  per  square  inch  of  fractured  area pounds..  101, 08(^ 

Position  of  fracture near  lower  shoulder. 

Character  of  surface granular  and  crystalline. 
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Appendix  17. 

REPORT  OF  THE  BOARD  ON  HEAVY  ORDNANCE  AND  PROJECTILES,  UNDER 

ACT  APPROVED  MARCH  3,  1881. 

(10  plates.) 

[Senate  Ex.  Doc.  No.  178,  Forty-seventh  Congress,  first  session. , 

Letter  from  the  Secretary  of  War^  transmitting  the  report  of  the  Board 
appointed  under  the  act  of  Congress  of  March  3,  1881,  to  make  examinor 
tions  of  inventions  of  heavy  ordnance  and  improvements  of  heavy  ord- 
nance and  projectiles,  and  to  recommend  what  inventions  are  worthy  of 
aHual  test,  die. 

May  29,  1882.— Ordered  to  lie  on  the  table. 

May  31,  1882. — Referred  to  the  Committee  on  Appropriations  and  ordered  to  be  printed. 

War  Department, 
Washingion  City^  May  29,  1882. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  Senate  the 
report  of  thie  Board  selected  by  the  President,  under  the  authority  of 
the  act  of  Congress  approved  March  3, 1881,  "  to  make  ex:amiuations  of 
all  inventions  of  heavy  ordnance  and  improvements  of  heavy  ordnance 
and  projectiles  that  may  be  presented  to  them,  including  guns  now  being 
constructed  or  converted  under  the  direction  of  the  Ordnance  Bureau,'^ 
and  to  recommend  "  what  inventions  are  worthy  of  actual  test,  and  the 
estimated  cost  of  such  test.'' 

In  the  communication  of  the  president  of  the  Board  transmitting  the 
report  of  the  Board  to  the  War  Department,  it  is  stated  that  certain 
"  accompanying  documents  referred  to  in  a  note  to  the  report,  which  are 
very  numerous,  will  be  forwarded  in  a  short  time,  as  soon  as  they  can 
be  prepared."  They  have  not  yet  been  received  at  this  department. 
The  documents  referred  to  will  be  comprised  in  appendices  numbered 
in,  ly,  V,  and  VI,  and  their  character  is  briefly  indicated  in  a  note 
attached  to  the  report  of  the  Board. 

These  documents  will  be  transmitted  to  the  Senate  as  soon  as  they 
shall  be  received  at  the  War  Department. 

EOBEET  T.  LINCOLN, 

Secretary  of  War. 

The  President  pro  tempore,  United  States  Senate. 
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Report  of  the  Board  on  Heavy  Ordnance  and  Projectiles  appointed  in  pur- 
suance of  the  act  of  Congress  approved  March  3,  1881,  for  the  purpose 
of  ^^ making  examinations  of  all  inventions  of  heavy  ordnance  and  im- 
provements of  heavy  ordnance  and  projectiles  that  may  he  presented  to 
them^  including  guns  now  being  constructed  or  converted  under  direction 
of  the  Ordnance  BureauP 

Office  of  the  Board  on  Heavy  Ordnance 

AND  Projectiles,  Army  Building, 

Greene  and  Houston  Streets, 

yew  York  City,  May  18,  1882. 

The  Board  met  at  this  place  on  the  13th  day  of  July,  1881,  in  com- 
pliance with  the  following  order: 

(  General  Orders  f  Headquarters  of  the  Army, 

I  No.  48.  i  Adjutant-General's  Office, 

fTashingtonf  May  16,  1881. 

The  following  order  from  the  War  D  partmeMt  is  published  for  the  inlbrmation  of 
all  concerned : 

"The  act  making  appropriations  for  fortifications  and  other  works  of  defense,  and 
for  the  armament  thereof,  for  the  tiscal  year  ending  June  30,  18^2,  and  for  other  pur- 
poses," approved  March  3,  1881,  provides: 

**And  tlie  President  is  authorized  to  select  a  Board,  to  consist  of  one  Engineer  offi- 
cer, two  Ordnance  officers,  and  two  officers  of  Artillery,  whose  duty  it  shall  be  to  make 
examinations  of  all  inventions  of  heavy  ordnance  and  improvements  of  heavy  ordnance 
and  projectilevS  that  may  be  presented  to  them,  including  guns  now  being  constructed 
or  converted  under  directicm  of  the  Ordnance  Bureau ;  and  said  Board  shall  make 
detailed  report  to  the  Secretary  of  War,  for  transmission  to  Congress,  of  such  exam- 
ination, with  recommendation  as  to  what  inventions  are  worthy  of  actual  teat,  and 
the  estimated  cost  of  such  test ;  and  the  sum  of  S'25,000,  or  so  much  thereof  as  may 
be  necessary,  is  hereby  appropriated  for  such  purpose." 

In  conformity  with  the  foregoing  act  a  boartl  of  officers  will  assemble  at  the  Army 
Building,  New  York  City,  on  the  13th  day  of  July,  1881,  for  the  purpose  of  making 
examinations  of  all  inventions  i*eterred  to  in  the  law,  and  making  a  detailed  report 
of  such  examinations,  with  recommendation  as  to  what  inventions  are  worthy  of 
actual  test,  and  the  estimated  cost  of  such  tt^t. 

Detail  for  the  Board.^  Brevet  Major- General  George  W.Getty,  Colonel  Third  Artillery. 

Colonel  Z.  B.  Tower,  Corps  of  Engineers. 

Colonel  J.  G.  Benton,  Ordnance  Department. 

Major  A.  R.  Buffington,  Ordnance  Department. 

Major  John  Mendenhall,  First  Artillery. 

Second  Lieut.  Frank  E.  Hobbs,  Second  Artillery,  will  report  to  the  president  of  the 
Board  for  duty  as  recorder. 

The  Chief  of  Ordnance  will  furnish  the  Board  with  all  the  information  on  the  sub- 
ject in  his  possession ;  and  all  persons  interested  in  such  inventions  are  invited  to 
submit  to  the  Board  plans,  specifications,  and  moilels,  mode  of  construction,  cost,  &c. 

By  command  of  General  Sherman : 

R.  C.  DRUM, 

Official :  AdjutanUGeneral. 

H.  C.  CORBIN, 

Assistant  Jdjutani-General. 

Colonel  J.  G.  Beuton,  Orduance  Departmeut,  died  Aagast  23,  1881, 
and  Major  F.  H.  Parker,  Ordnance  Department,  was  detailed  as  a  mem- 
ber of  the  Board  b^'  the  following  order: 

!  Special  Ordsrs  ?  Headquarters  of  the  Army, 

No.  220.  ^  Adjutant-General's  Office. 

WashingtOHy  September  29.  1881. 

[Extract.] 

•  •••••  • 

2.  By  direction  of  the  President,  Major  F.  H.  Parker,  Ordnance  Department,  is  de- 
tailed as  a  metnher  of  the  Board  on  Heavy  Ordnance  convened  by  General  Orders 

No.  48,  May  16,  1H*^1,  Irom  this  office,  and  will  report  for  dnty  accordingly. 

•  *  •  •  ♦  ♦# 

By  command  of  General  Sherman : 

CHAUNCY  McKEEVER, 
Official :  Acting  Adjutant-GeneraL 

H.  C.  CORBIN, 

Assistant  Adjutant-GeneraL 
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The  Board  has  coDtinaed  in  session,  at  intervals,  until  this  date,  and 
carefully  examined  and  considere<l  all  inventions  of  heavy  ordnance  and 
improvements  of  heavy  ordnance  and  projectiles  presentieKl  to  them,  in- 
cluding guns  now  being  constructed  or  converted  under  direction  of  the 
Ordnance  Bureau. 

These  inventions  and  improvements  have  been  introduced  to  the  at- 
tention of  the  Board  by  original  letters,  drawings,  specifications,  letters 
patent  and  models,  from  the  inventors,  from  the  files  of  the  Ordnance 
Department,  and  by  communications  from  that  department. 

In  regard  to  each  and  all  of  which  the  Board  respectfully  reports  the 
following  action,  opinions,  and  recommendations,  viz: 

I.  The  following  designs  are  regarded  as  entirely  impracticable^  and 
hence  are  not  recommended  for  actual  test: 


Design  for — 


Oblong  ehell    

Heavyghot   

Projectile 

Ordiuuic  •  inventions 

Projectile 

Kznansting  air  from  bore  of  gun 


Submitted  by — 


For  action, 
seepage— 


W.  H.  CleUnd 
S.  CleTeland . . 

B.  J.  Coach... 

C.  B.  Goy 

T.  N.  Hornaby 
C.  B.  Barrows 


163 
168 
163-i 
164 
160 
191 


II.  The  following  designs  are  not  regarded  as  having  sufficient  merit 
to  warrant  a  trials  and  hence  are  not  recommended  for  actual  test: 


Design  for— 


Sabmitted  by— 


For  action, 
seepage— 


Gmiand  fortification ,  John  Bobbins 

6ans  and  projectile Joseph  Harris  .... 

B.  L.ordnuice S.  C.  Cobb 

Projectile B.  L.  Birchard.... 

Ooo  constmcUom J.  R.  Tillett 

Can  construction <  John  Groves 

Csnnon  and  projectile J.  T.  Jeter 

B.  L.  ordnance Theo.  Yates 

Oiviog  rotary  motion  to  projectiles  fired  from  I  M.  Stafford 

smooth-bore  gnna.  i 

Projectile i  C.  Roosevelt 

Projectaes Dr.  J.  H.  McLean 


158 
158 
150 
160 
162 
163 
164 
168 
168 

181 
188 


III.  The  following  designs  are  not  regarded  as  within  the  scope  of  the 
Boards  investigations,  and  hence  are  not  recommended  for  actual  test : 


Design  for— 


Sabmitted  by- 


Machine  gon 

Gob  constmctlon 

Projectile 

Artillery  sheU 

Kevolvnig  cannon 

Projectile 

Sei^ent  shell 

Projectile 

Shell 

Lifting  machine 

Life-preserving  rolling  ship 

Powder  bags  

Segment  shell 

Xlevating  and  depressbxg  apparatus 

Glass  bombshell 

-Claim  for  priority  of  invention  of  air  chambers . 


Jno.  McNulty 

A.  Shroeder 

C.J.O'Hara 

R.M.  Parker 

J.W.Potter 

G.  W.  Turner 

H.  Stnder .v. 

A.  Y.Mayer 

A.  Newport 

H-H.  Sibley 

F.M  Shields 

H.Reilly 

R.  Woodward. 

A.  F.Potter 

Bastland  and  Bonshire 

H.Candwell 


For  action, 
seepage— 


158 
158 
160 
167 
161 
172 
162 
168 
164 
167 
177 
178 
179 
160 
203 
158 
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IT.  The  following  designs  are  twt  thoaght  9uit€U>le  far  guns  of  large 
caliber  J  and  hence  are  not  recommended  for  actual  test: 


Design  tor-  Sabmitted  by—  ^^fH^ 


Cim  coiwtTactkni  and  carriaf[e Jo«.  Bolt 16(> 

Gnu  eoQStnurtioD C.W.Moody 162-3 

B- 1*  ordnance J.  R-  N.  Owen 163 

B.  L.  ordnsnce J.  F.  Qninby 163 

B.L.  ordnftoc« D.  K.  bwisber 163 

Gun D  Fitreerald 166 

Gnn  and  pro)e«tfle W.  E.  Ball 168 

Gun  constmction C.  B.  Maaon 1^ 

Gun  constmction T.  X.  Horasby 16& 


Y.  The  following  designs  are  not  regarded  as  suitable  for  use  icith 
guns  of  large  caliber j  and  hence  are  not  recommended  for  actoal  test : 


Design  for-  Submitted  by-  ^  ^j^j^ 


Prot^tile T.  D.Gibeon 160 

Proje^-tile F.  A-  Markley 161 

Projectile E.  W.  Donlap 162 

Cloftine  breech  of  gun H.  B.  Anderson 164 

Projectile J.  D.  Richards 16* 

Projectile Jos.  Bolt 169 

Shell W.  W.  Hanea 169 

Projectile A.  F.  Potter 169 

Portfire G.W.  Turner 172 


VI.  The  following  plans  are  not  recommended  for  actual  test,  for  rea- 
sons given  in  each  case  in  a  resolution  of  the  Board,  viz: 

1.  A.  W.  Kercheval's  plan  of  construction : 

Mr.  Kercheval  presents  no  detailed  deaifrn  nor  description  of  a  heavy  gun  or  projeo. 
tile  for  examination  by  the  Board,  nor  do  his  fjeneral  remarks  offer  anything  ^>ecitic 
for  its  consideration.    His  papers  are  therefore  retnmed  agreeably  to  his  request. 

(For  action,  see  page  158,  proceedings  of  the  Board.) 

2.  F.  W.  Frampton's  projectile: 

The  Board  has  examined  the  model  of  a  projectile  submitted  by  Mr.  Frampton,  and 
is  of  the  opinion  that  in  simplicity  of  construction  and  certainty  of  operation  it  is 
inferior  to  the  service  projectile  now  in  use. 

(For  action,  see  page  160,  proceedings  of  the  Board.) 

3.  H.  H.  Sibley's  projectile: 

The  Board  has  examined  the  several  communications  of  Mr.  H.  H.  Sibley,  and  the 
accompanying  model,  and  is  of  the  opinion  that  his  proposed  projectile  does  not  pos- 
sess that  strength  and  simplicity  of  construction  which  would  make  it  effective  against 
armor  plates  and  other  objects  of  great  resistance. 

(For  action,  see  page  162,  proceedings  of  the  Board.) 

4.  W.  T.  Depue's  projectile: 

The  Board  is  of  the  opinion  that  the  projectile  proposed,  being  made  of  several 
parts,  lacks  the  necessary  strength  and  simplicity ;  and  the  form  of  the  point  is  not  as 
good  as  the  ogival  now  in  ase. 

(For  action,  see  page  163,  proceedings  of  the  Board.) 
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5.  D.  Warner's  plan  for  increasing  the  range  of  projectiles : 

The  Board  has  examined  Mr.  D.  Warner's  models  and  description  of  his  plan  for 
increasing  the  range  of  projectiles,  and  is  of  the  opinion  that  it  is  wrong  in  principle. 

(For  action,  see  page  164,  proceedings  of  the  Board.) 

6.  J.  W.  Blake's  system  of  gun  construction: 

In  the  opinion  of  the  Board,  Mr.  Blake's  system  is  not  a  suitable  one  for  gnn  con- 
struction. 

(For  action,  see  page  169,  proceedings  of  the  Board.) 

7.  F.  A.  Dennett's  projectile: 

The  Board  haying  examined  the  plans  of  projectiles  submitted  by  Mr.  F.  A.  Dennett, 
is  of  the  opinion  that  they  possess  no  advantages  over  projectiles  already  in  use. 

(For  action,  see  page  170,  proceedings  of  the  Board.) 

8.  J.  Bchol's  plan  for  bursting  shells  containing  coal  gas : 

Mr.  EchoPs  plan  for  bursting  shell  is  not  deemed  as  good  as  the  means  at  present 
employed. 

(For  action,  see  page  174,  proceedings  of  the  Board.) 

9.  Wm.  Van  Gieson's  projectile: 

The  Board  having  examined  the  model  and  letters  patent  of  a  projectile  for  rifle 
cannon,  submitted  by  Mr.  Harding  for  Mr.  Van  Gieson,  is  of  the  opinion  that  the  pro- 
jectUe  is  not  as  good'  as  those  already  in  use. 

(For  action,  see  page  177,  proceedings  of  the  Board.) 

10.  H.  Eeilly's  projectile  and  system  of  rifling: 

The  Board  *  *  *  is  of  the  opinion  that  Mr.  Hugh  Reilly^s  fKojectile  is  not  any 
better,  if  so  good,  as  those  already  in  use,  and,  as  it  is  composed^f  several  parts,  it 
would  not  be  effective  against  armor.  »  •  *  The  question  of  rifling  is  one  it  is  not 
called  upon  to  decide  and  could  not  do  so  without  a  series  of  experiments  entirely 
beyond  its  means,  and  which  can  only  be  undertaken  by  a  special  board. 

(For  action,  see  page  178,  proceedings  of  Board.) 

11.  Jacob  Eeese's  process  for  the  manufacture  of  steel  cannon: 

Mr.  Reese  has  not  presented  to  this  Board  any  drawing  exhibiting  a  plan  for  a  gun. 
He  recommends  forgun  construction  steel  made  by  the  Basic  in  contradistinction  to 
the  acid  process.  His  method,  as  described  in  a  general  way  in  his  papers,  consists  in 
pouring  molten  Bessemer  or  other  steel  around  a  hammered  steel  core.  14  inched  in 
diameter  for  a  12-inch  gun,  until  the  mold,  giving  its  form,  is  filled.  After  cooling, 
the  piece  is  bored.  It  will  thus  be  seen  that  Mr.  Keese's  proposition  is  to  make  a  cast^ 
steel  gun,  which  does  not  meet  the  approval  of  this  Board. 

(For  action,  see  page  178,  proceedings  of  the  Board.) 

12.  W.  W.  HubbelPs  improved  system  of  B.  L.  ordnance: 

Mr.  HnbbelPs  plan  of  a  breech  fermeture,  described  in  his  letters  patent  and  ac- 
companying papers,  is  not  regarded  as  equal  to  the  two  systems  now  in  use.  He  pro- 
poses for  gun  construction  cast  iron  produced  by  some  process  which,  in  his  opinion, 
S'ves  it  greater  tensile  strength,  but  on  this  point  this  Board  has  no  information, 
is  plan  for  a  gun  is  so  indefinite  it  is  presumed  it  is  only  intended  to  show  the  fer- 
meture. In  fact  the  Board  has  not  before  it  any  plan  from  Mr.  Hubbell  for  a  gun  of 
suitable  form  and  dimensions  to  be  recommenaed  for  construction,  and  without  fur- 
ther knowledge  of  his  metal  it  must  be  looked  upon  as  cast  iron. 

(For  action,  see  page  178,  proceedings  of  the  Board.) 

13.  C.  Dunderdale's  "Ferris'^  system  of  gun  construction: 

The  Board  is  of  the  opinion  that  the  Ferris  system  of  g^n  construction  does  not  pre- 
sent any  special  advantages  or  improvements. 

(For  action,  see  pages  178-9,  proceedings  of  the  Board.) 
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14.  S.  B.  Dean's  gun  construction  and  breech  fermeture : 

In  his  letters  Mr.  Dean  does  not  propose  to  construct  a  gun,  but  rather  recommends 
that  one  be  constructed  by  the  ffovemment  of  cast  steel,  prepared  after-  the  Terre 
Noire  method.  It  is  understood  that  in  this  process  the  steel,  after  being  cast,  is  an- 
nealed, which  is  supposed  to  produce  a  similar  effect  to  rolling  or  hammering.  The 
Terre  Noire  steel  thus  made  has  been  fonnd  excellent  for  projectiles,  but  the  Board 
has  no  knowledge  of  its  suitableness  when  cast  in  the  large  masses  required  for  guns 
of  50  tons  and  upwards.  Until  more  is  known  of  this  metal  by  test  the  Board  does 
not  recommend  it  for  gun  construction.  The  Board  is  of  the  opinion  that  Mr.  Dean's 
plan  of  breech  fermeture  does  not  present  any  advantages  over  those  now  in  use. 

(For  action,  see  page  179,  proceedings  of  the  Board.) 

15.  Col.  T.  T.  S.  Laidley's  proposition  that  a  cast-iron  rifle-gun  be 
tested,  and: 

Wm.  P.  Hunt's  printed  letter  advocating  the  best  cast  iron  as  a  metal 
for  gun  construction. 

A  proposition— 

"that  the  Board  select  from  the  various  projects  before  it  of  cast-iron  guns,  pore  and 
simple,  one  that  fairly  represents  the  whole  and  recommend  a  12-inoh  gun  for  construc- 
tion and  trial" — 

was  not  adopted. 
Not  unanimous — two  members  voted  in  the  affirmative. 
(For  action,  see  page  179,  proceedings  of  the  Board.) 

16.  D.  Tuft's  plan  for  B.  L.  ordnance: 

The  Board  is  of  the  opinion  that  Mr.  Tuft's  system  of  breech  mechanism  possesses 
no  advantages  over,  if  it  is  equal  to,  those  already  in  use,  which  have  been  thoroughly 
tried.  ^ 

(For  action,  see  page  180,  proceedings  of  the  Board.) 

17.  K.  B.  Moffatt's  plans  for  gun  construction  and  conversion: 

The  Board  is  of  the  opinion  that  the  plan  of  gun  oonstmction  and  conversion  sub- 
mitted by  Mr.  R.  R.  Mofiatt  does  not  present  any  advantages  over  methods  now  in  use. 

(For  action,  see  page  181,  proceedings  of  the  Board.) 

18.  Norman  Wianl's  proposals  to  the  Secretary  of  War  for  the  con- 
struction and  conversion  of  heavy  guns. 

•  The  Board  does  not  assent  to  the  arguments  of  Mr.  Norman  Wiard  as  set  forth  in 
the  various  letters,  papers,  &.O.,  aecompauying  his  proposals  of  July  1, 1880,  and  March 
28,  1881,  referred  to  it,  through  the  Chief  of  Ordnance,  by  the  Secretary  of  War,  in 
indorsements  on  letter  of  Mr.  Wiard  of  the  14th  of  May,  1881 ;  to  show  the  superiority 
and  expediency  of  a<lopting  his  plans  of  gun  conversion. 

(For  action,  see  pages  181,  182,  proceedings  of  the  Board.) 

19.  Norman  Wiard's  Jimended  proposals,  dated  January  2, 1882: 

With  regard  to  Mr.  Koruiuu  Wiai^rs  moditicatious  of  his  proposals  of  the  28th  of 
March,  1881,  presented  to  the  Board  hy  intloi'semiMU  of  the  Secretary  of  War,  dated 
February  *i,  188*2,  viz,  dividing  said  proposal  of  March  28,  1881,  into  four  parts,  for 
the  purpose — 

1st.  Of  furnishing  part  of  the  powder  for  the  tests  and  determining  the  best  kind 
to  be  used  for  the  guns  refern^d  to;  the  best  width  and  depth  of  grooves  and  pitch  of 
rifling  for  thew*  guns,  with  original  length  of  Imres  unchanged;  to  testing  the  power 
of  these  guns  for  p**heinition  into  irou  and  earth,  when  convert^  into combinea rifles 
and  sraoi>th-l»ores;  to  ajiply  mul  tivst  the  ^'snubhing  rope"  plan  for  checking  recoil; 
to  take  velocities  of  all  projtn^tiles  during  this  part  of  exi>eriments,  &c. 

2d.  To  test  by  rapid  tiring  the  endurance  of  the  guns  referred  to  above. 

3d.  **To  oontiiu*  ex|K»riu»ent»  to  the  conversion,  trial,  and  proof  of  powder  for  the 
penetration  of  iron  targt*ts  and  earth  works  of  two  irvinch  smooth-bore  Rodman  gtins 
into  long-V>re  breoch-loa<iing  rifled  guns,"  &c. 
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4th.  The  fhrnishing  of  all  8npplie9  aa  stated  in  detail.  •  •  • 
The  Board  does  not  approve  of  the  conversion  i»f  any.  of  the  smooth-hore  gnns  now 
possessed  hy  the  governmoitt,  and  particularly  does  not  approve  of  the  sysN-ni  or  svh- 
tems  proposed  hy  Mr.  Wiard.  *  *  •  And  (referring  to  the  Secretary  of  WaWs  in- 
dorseuient)  the  Board  does  not  consider  the  form  of  the  proposals  objectionable,  and 
therefore  has  no  modifications  to  suggest. 

(For  action,  see  page  103,  proceedings  of  the  Board.) 

20.  Master  S.  Seabury's  plans  of  gun  construction,  carriage,  and  fuze : 

The  gun  construction  for  a  9-inch  gun  submitted  by  Master Sttniuel8«'abury,  United 
States  Navy,  is  objectionable  in  several  respects,  principally  in  the  fact  that  a  laige 
mass  of  steel  is  required  for  the  breech-receiver,  which  would  be  difficult  to  make  and 
difficult  to  work  sufficiently,  particularly  in  this  country,  to  iuHure  that  homogeneity 
necessary  for  strength  in  that  part  of  the  construclion  in  connection  with  his  special 
feriiieture ;  again,  the  breech-receiver  projects  unsupported  beyond  the  body  of  the 
gun,  and  is  thus  subjected  to  vibration  ;  a^in,  the  breech  mechanism  is  similar,  but 
not  superior,  to  the  Knipp,  which  this  Boanl  is  not  prepared  to  recommend.  *  •  ♦ 
The  subject  of  gun  carriages  and  fuzes  is  not  within  the  scope  of  the  Board's  investi- 
gations. 

(For  action,  see  pages  182, 183,  proceedings  of  the  Board.) 

21.  The  plans  of  gun  construction,  including  that  of  the  12-inches  B.  L. 
rifles  now  under  contract,  submitted  by  Col.  S.  Crispin  and  Capt.  C.  S. 
Smith,  Ordnance^  Department: 

fiespecting  the  plans  of  gun  construction  submitted  by  Col.  S.  Crispin  and  Capt.  C. 
8.  Smith,  through  the  Chief  of  Ordnance,  viz: 

Two  cast-iron  casings  with  steel  tube  and  breech  receiver;  one  having  an  inter- 
rupted screw  temieture,  the  other  a  round  wedge  fermeture. 

Three  cast-iron  casiugs  with  steel  breech  receiver;  two  with  interrupted  screw, 
and  one  with  round  wedge  fermeture;  and 

Four  cast-iron  casings  with  wrought-iron  tube  and  steel  breech  receiver;  three 
with  intermpteil  screw,  and  one  with  rouud  wedge  fermeture. 

Those  having  combinations  of  wroughr.  iron,  particularly  coiled  wrought  iron,  as  a 
lining  for  steel  breeching  and  cast-iron  casing  are  in  the  Board's  estimation  objei- 
tionable.  Although  the  greater  part  of  the  couverHions  using  wrought  irou  as  a  lin- 
ing tube,  as  detailed  in  the  yearly  reports  of  the  Chief  of  Ordnance,  have  given  in 
small  guns  apparently  good  and  encouraging  reHult^,  it  is  on  the  whole,  considering 
the  history  of  all  the  guns  so  converted  and  constructed,  including  the  11-inch  and 
l*2.*^5-inch,  a  questionable  success. 

But  in  so  expressing  itself  the  Board  desires  it  to  be  distinctly  understood  that  it 
does  not  overlook  the  fact  that  in  the  small  guns  referred  to,  comparatively  in<;tfVc- 
tive  smooth-bores  have  been  converte<l  into  eflf.'Ctlve  rides,  deemin;^  it  simply  unwi»«e 
to  continue  the  use  of  wrought-iron  tubes,  particularly  for  breech-loading  conver- 
sions and  all  calibers  above  8  iuche>>,  until  itshall  have  been  shown  that  other  conversions 
and  constructions  are  not  what,  from  the  most  advanced  vii'ws,  we  have  a  right  to 
expect.  Of  those  with  steel  breech  reeeivers,  with  and  without  steel  tubes,  those 
having  the  round  wedge  fermetur.?  require  a  breach  receiver  so  massive  that  the  nec- 
essary working  of  the  nietal^  to  give  it  the  uniform  strength  required  for  such  con- 
struction, is  impracticable  in  this  country  at  this  time,  it  being  the  opinion  of  the 
Board  that  this  system  of  fermeture  requires,  to  compensate  for  the  cutting  away  of 
•o  much  metal,  a  highly  wrought  steel  of  homogeneous  Ntructure,  the  ditllculties  of 
producing  which  increase  very  rapidly  with  the  size  of  the  piece;  and  those  with  the 
interrupted  screw  fermeture,  the  breech  receiver  extending  beyond  the  casing,  lack 
its  support,  and  may,  for  that  reason,  be  defective  in  strength  and  require,  like  those 
with  the  wedge  fermeture,  a  highly  wrought  and  large  piece  of  steel. 

liesolved,  In  view  of  the  objections  above  set  forth,  that  this  Board  does  not  recom- 
mend any  of  these  constructions  for  trial. 

(For  action  see  pages  184, 185,  proceedings  of  tlie  Board.) 

22.  Dr.  J.  H.  McLean's  system  of  gun  construction : 

The  Board  regards  the  system  of  gun  construction  presented  by  Dr.  J.  H.  McLean, 
of  Saint  Louis,  Mo.,  as  exhibited  in  his  plans  and  description,  as  <lefective  in  the  fol- 
lowing respects:  That  the  weight  of  the  whole  >«:uu  and  its  parts  is  objectionable; 
that  it  has  a  multiplicity  of  parts,  aiid  much  comp'ex  maeliinory;  that  the  breech- 
block is  much  larger  anil  heavier  tbau  those  successfully  and  extensively  now  in  use; 

10  OBD 
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that  the  system  is  deficient  in  strength,  and  npon  the  whole  is  impracticable  for  hearj 
ordnance. 

(For  action,  see  page  188,  proceedings  of  the  Board.) 

23.  D.  M.  Mefiford's  plan  for  gnn  constracdon : 

The  Board  does  not  approve  of  the  plans  of  gun  construction  submitted  by  Mr.  D. 
M.  Mefford,  of  Toledo,  Ohio. 

(For  action,  see  page  189,  proceedings  of  the  Board.) 

24.  A.  H.  Emery's  plan  for  the  conversion  of  smooth-bore  guns: 

This  Board  is  of  the  opinion  that  the  15-inch  and  10-inch  gnns  on  hand  are  needed 
for  service  as  they  are,  and  that  it  would  be  inexpedient  to  convert  them  into  breech- 
loading  rifles  by  uny  process.  It  cannot  therefore  reconmiend  their  conversion  by  the 
methods  presented  in  Mr.  Emery's  plans. 

(For  action,  see  page  198,  proceedings  of  the  Board.) 

25.  Maj.  S.  C.  Ly ford's  plan  for  gun  constrnction : 

It  is  the  opinion  of  the  Board  that  the  plan  for  »  wrou)»htMron  gnn  presented  by 
Maj.  S.  C.  Lyford,  Ordnance  Department,  may  be  practicable  for  the  lower  caliber 
guns,  but  that  it  is  of  doubtful  use  for  those  of  large  caliberi  which  it  is  believed  can 
be  better  made  of  other  materiaL 

(For  action,  see  page  203,  proceedings  of  the  Board.) 

26.  B.  B.  Hotchkiss'  plan  for  gun  constrnction : 

The  plan  of  a  steel  and  wire  gun  designed  by  Mr.  B.  B.  Hotchkiss,  and  presented  by 
the  Chief  of  Ordnance,  bein^  only  of  t>-inch  caliber,  hardly  conies  within  the  cate- 
gory of  heavy  ordnance,  while  the  information  given  is  very  meager  as  to  detailb  of 
construction.  It  is  submitted  contidentially  to  the  Board^  which  alone  preclu*  esany 
ofiicial  consideration  of,  and  report  upon,  its  merits,  it  is  therefore  respectfully  i-e- 
turned  to  the  Chief  of  Ordnance. 

(For  ai'tion,  see  page  205,  proceedings  of  the  Boai'd.) 

27.  Dr.  W.  E.  Wood  bridge's  plan  for  gun  constrnction: 

The  plan  of  an  18-inch  brazed  steel  wire  gun  reinforced  with  wire  soldered,  submit- 
ted  by  Dr.  W.  E.  Woodbridge,  marked  Plate  VII,  was  laid  aside,  being  of  too  large  a 
caliber  to  warrant  a  reconnuendMtion  for  its  actuul  test,  since  experiments  to  test  the 
etliciency  of  the  wire  system  are  but  just  commenced  with  guns  of  6-inchy  t5*iucb,  and 
10-inch  calibers. 

(For  action,  see  page  205,  proceedings  of  the  Board.) 

28.  H.  F.  Mann's  plan  for  gun  construction  and  breech-mechanism : 

This  gun  consists  of  a  cast-iron  barrel,  bound  around  the  ]>owder  chamber  by  steel 
bauds.  It  is  30  feet  in  length,  weighs  92,000  pounds,  and  is  balancrtl  on  its  trunnions. 
The  breech  fermetur**  is  helcl  to  the  trunnions  by  heavy  steel  straps,  the  whole  arrange- 


further,  it  necessitates  the  turning  of  the  barrel  of  the  gun  on  its  trunnions  through 
an  arc  of  about  l(P  and  back  again  at  each  discharge,  requiring  the  expenditure  of 
more  rime  and  force  than  for  either  the  Krupp- wedge  or  the  slotted-screw  systems. 
The  piece  possesses  no  advantages  over  the  cast-iron  gun  bound  with  steel  bands  and 
with  the  screw  fermeture  recommended  by  this  Board  for  trial,  unless  it  be  that  it 
gives  greater  security  against  transverse  runture.  TriaU,  however,  of  guns  of  similar 
construction,  but  with  the  simple  screw  lermeture,  have  proved  successful  within 
moderate  limits  of  powder  pressure — all  that  is  claimed  for  the  deBign  of  Mr.  Mann,  as 
is  evidenced  by  his  |M>\vder  charge  and  weight  of  projectile.  The  only  apparent  merit 
of  the  structure  coiisis  s  in  relieving  thn  bmly  of  the  gun  from  loiij^itiuliiial  htiuins  and 
transfer! ing  them  thnmgh  the  detached  breech  by  means  of  Kiet-l  straps  to  ilie  trun- 
nions. But  in  view  of  the  objections  set  forth  above  to  the  fermeturu  itseJf,  the  s|»e- 
cialty  of  Mr.  Mannas  invention,  this  Boanl  fails  to  see  sufficient  naaons  for  recom- 
mending the  gnu  for  construction  and  trial. 

(For  action,  see  pages  206-7,  proceedings  of  the  Board.) 
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VII.  The  following  designs  for  guns  are  not  recommended  for  actual 
test,  as  the  Board  has  preferred  others  of  the  same  class  for  that  par- 
pose: 


Design  for^ 


Oon  coBstniction.  Beaigns  A,  D,  S,  F,  O,  H,  I,  J,  K«  L,  Bt, 

Ft,It.M.N,0,MidP. 

Wir«'wn|)|>ed  cast-iron  liie  ...s 

Cftit-iron  gun  banded  and  ateel  gnn.  Plates  I,  III.  and  V. 
Qnn  cnnstniction.  Plates  Ai,  As,  Aj,  Bi,  Bs,  Ci,  Cs,  Bi,  Ba, 

Pi,  Ft,  6,  and  K,  Di,  and  Dt 

Gnn  ooDstmction.    Plates  1, 2, 8, 4,  and  6 

Wire  gnn ....      —  .......................>.............. 

Steel  gao,  on  Schalts's  plaa 

Steel  gnn   

Hetfry  ordnanoe 


Submitted  by» 


William  P.  Hunt 

Col.T.T.aLaidley... 
Dr.  W.  E.  Woodbridge 
Chief  of  Ordnance 

A.  H.  Emery 

Lt  C.  C.  Morrison 

CoiS.  Crispin 

L.  W.  Broad  well 

D.G.Smith 


For  aetion,  see 
page— 


201-2,200 

201 

201-2,204-5 

201-2 

202-3 

206 

200 

l«9-7a 

.  164 


VIII.  The  following  designs  for  projectiles  and  heavy  guns  are  rec- 
ommended for  trial  in  accordance  with  the  resolation  of  the  Board, 
given  in  each  case,  viz: 

a.  D.  L.  Kennedy's  spiral  drill-point  projectile : 

If  at  any  time  the  Ordnance  Department  sboqld  be  engaged  in  experiments  to  de- 
termine the  penetration  of  different  kinds  of  projectiles  into  iron,  this  Board  recom- 
mends that  Mr.  Kennedy's  proposed  spiral  projectile  be  aUo  tried;  but  it  is  not  deemed 
advisable  to  construct  an  iron  target  simpfy  to  test  his  device. 

(For  action,  see  page  193,  proceedings  of  the  Board.) 
h,  Paulding,  Kemble  &  Co,'s  plans  of  gun  construction: 

Messrs.  Paulding)  Kemble  &  Co.'s  system  of  gnn  construction,  as  explained  in  their 
printed  letter  and  accompanying  drawing  No.  *2,  has  merit  in  common  with  like  com- 
binations involving  a  cast-iron  case  Jacketed  and  hooped  with  steel,  but  in  the  opinion 
of  the  Board  the  wrought  iron  lining  tube  is  objectionable.  The  arrangement  of  the 
contiguous  parts  in  connection  with  the  screw-breech  closure  is  a  good  one  to  secure 
strength  against  fracture  by  longitudinal  strains.  The  characteristic  feature  of  this 
gnn  construction,  however,  seems  to  be  the  casting  of  the  iron  case  in  two  piecesf 
which  will  effect  a  great  saving,  provided  it  proves  efficient  in  strength.  If  any  guns 
are  made  after  this  general  system  of  m^tal  combination  it  is  recommended  that  the 
case  of  one  be  cast  in  two  pieces  for  trial  to  test  its  strength. 

(For  action,  see  page  183,  proceedings  of  the  Board.) 
c  Master  Samuel  Seabury's  rifle  projectile: 

The  Board  is  of  the  opinion  that  the  particular  merit  or  advantage  claimed  by  Mas- 
ter Beabury  for  his  projectile  is  only  a  matter  which  can  be  definitely  determined  by 
actual  experiment,  which  the  Board  is  not  in  a  position  to  undertake,  and  while  the 
resnlts  in  Europe  of  the  use  of  copper  bands  are  sufficiently  satisfactory,  the  details  of 
the  namber  of  bands,  their  sUe,  and  the  mode  of  attachment,  as  thev  affect  the  strength 
and  ability  to  penetrate  iron  armor,  should,  in  the  opinion  of  the  Board,  be  left  to 
fatore  experiment;  and  it  is  therefore  recommended  that  this  projectile  be  tried  by 
the  Ordnan4;e  Department,  with  others,  when  circumstances  and  opportunity  are  fa- 
vorable. 

(For  action,  see  pages  182--3,  proceedings  of  the  Board.) 
d  H.  F.  Mann's  rille  projectile: 

The  particular  merit  claimed  by  Mr.  Mann  for  his  projectile  Is  the  number,  position, 
and  mode  of  attachment  of  the  bands.  The  question  how  tbt-sc  details  will  affect  the 
strength  and  penetrating  power  of  the  projectile  can  only  be  settled  by  future  experi- 
m»»nt,  and  it  is  therefore  recomjnended  that  this  piojectile  be  tried  by  the  Ordnance 
Department,  with  others,  when  circumstances  and  opportunity  are  favorable. 

(For  action,  see  page  207,  proceedings  of  the  Board.) 
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6.  Paulding,  KemWe  &  Co.'s  (the  improved Parrott)  rifle  projectile: 

The  improTed  Parrott  projectile  for  mnzzle-loading  gnns  is  recommended  for  actual 
test  iu  connection  with  other  projectiles  in  experimental  or  practice  firing,  with  the 
S'inch  muzzle-loading  rifle.  ** 

(For  actions,  see  pages  193-4,  proceedings  of  the  Board.) 
/.  B.  B.  Hotchkiss^  rifle  projectile : 

That,  with  regard  to  the  Hotchkiss  projectile  submitted  with  letter  of  Febmary  6, 
inclosing  a  tracing  of  it,  as  it  is  known  by  actual  test  to  be  a  good  and  reliable  pro- 
jectile  for  breech-loading  guns;  resolved  that  it  be  recommended  for  further  trial  by 
the  Ordnance  Department. 

(For  action,  see  page  193,  proceedings  of  the  Board.) 
g.  Wm.  P.  Hunt's  (the  Butler)  rifle  projectile : 

As  the  Butler  projectile,  of  which  drawings  and  description  are  snbmitted  by  Mr. 
"W.  P.  Hunt,  is  known  by  actual  trial  to  be  a  good  and  reliable  prt»jectile  for  both 
muzzle  and  breech  loading  gone,  it  is  recommended  for  further  trial  in  competition 
with  other  projectiles. 

(For  action,  see  page  198,  proceedings  of  the  Board.) 
ft.  W.  T.  Arrick's  *' Eureka^  rifle  projectile: 

Though  the  Arrick  or  '*  Eureka''  projectile  has  been  extensively  tried,  still  there  can 
be  no  objection  to  its  further  trial  in  competition  with  other  projectiles. 

(For  action,  see  page  180,  proceedings  of  the  Board.) 
i.  W.  E.  Woodbridge's  rifle  projectile: 

The  rifle  projectile  proposed  by  Dr.  W.  E.  Woodbridee,  shown  in  Plate  VIII,  ac- 
companying his  1»  tter  of  March  29,  1882,  is  recommended  as  worthy  of  actual  test  in 
competition  with  other  projectiles. 

(For  action,  see  page  207,  proceedings  of  the  Board.) 
1(.  Lieut.  A.  n.  EusselPs  design  for  a  loading  pan : 

The  Board  recommends,  in  the  test  of  any  piece  of  breech-loading  ordnance  with  a 
fermeture  to  which  it  can  be  applied,  that  a  device  of  the  kind  proposed  by  Lieuten- 
ant Russell,  Ordnance  Department,  be  tried. 

•     (For  action,  see  page  181,  proceedings  of  the  Board.) 
I,  Chief  Engineer  George  Quick's  breech-loading  device: 

The  breech-loading  device  of  Chief  Engineer  George  Quick,  R.  N.,  though  of  doubt- 
ful superiority  to  other  systems  now  extensively  used  abroad,  yet  appears  to  possess 
srfticient  merit  to  warrant  its  trial,  should  the  Ordnance  Department  find  it  conven- 
ient so  to  do  in  the  construction  and  test  of  new  cannon. 

(For  action,  see  page  190,  proceedings  of  the  Board.) 
m.  Paulding,  Kemble  &  Co.'s  breech-loading  device: 

The  breech-loadinc  device  presented  by  Paulding,  Kemble  &  Co.,  shown  in  drawing 
marked  "Study  in  Ordnance,"  submitted  by  the  Chief  of  Ordnance,  with  his  letter 
dated  February  6,  1882,  appears  to  possess  sufficient  merit  to  warrant  its  trial,  should 
the  War  Department  And  it  proper  so  to  do  in  the  constmction  and  test  of  new  cannon. 

(For  action,  see  pages  162*-3,  proceedings  of  the  Board.) 

n.  The  "Lyman-Haskell  accelerating  or  multicharge '^  cannon: 

The  Board  recommends  that  the  *^  Lyman-Haskell  accelerating  or  multi  charge"  gnn 
recently  cast  at  Reading,  Pa.,  be  transported  to  Sandy  Hook,  and  thoroughly  test*^ 
nnder  the  direction  of  the  War  Department  at  the  expense  of  the  United  States,  as 
proposed  by  Mr.  Haskell  iu  his  communication  of  October  5,  IBcJl. 

(For  action,  see  page  181,  proceedings  of  the  Board.) 
The  estimated  cost  of  the  testis: 

For  transportation  of  gun  from  Reading,  Pa,,  to  Sandy  Hook,  N.  J.,  and 
mounting,  including  ail  expenses  incident  thereto $600  00 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.         149 

For  test: 

Powder  per  round $26  90 

Projectile 2«  00 

Gaseheck,  Iftbor,  d^c,  durinj^  test,  per  round IX)  25 

Total  per  round CT)  15 

p.  Dr.  W,  E.  Woodbridge^s  plan  of  a  wire  wouud  east-iron  jgun,  wire 
soldered  (Plate  II),  and  Pians  M  and  H,  sabmitted  by  the  Chief  of 
Ordnance: 

The  Board  is  ef  tke  opinion  that  the  combined  cast-irnn  and  steel  gunt  represented 
in  the  plans  submitted  oy  the  Chief  of  Ordnance  with  his  letters  of  January  17  and 
April  29,  1882,  marked  M  and  H,  and  in  the  phim  submitted  by  Dr.  W.  £.  Wood- 
bridge  with  his  letter  of  March  29, 1882,  modi  tied  by  letter  of  May  3, 1882,  and  marked 
Plate  II,  should  be  eonstructed  «nd  tried,  for  the  following  reasons: 

Ist.  Experience  thus  far  gained  with  siraiUir  guns  promises  for  the  oemfoination  fiue- 
eese  within  usual  limits  of  powder  pressnro. 

2d.  Tkey  can  be  readily  and  rapidly  produced  in  this  eonntry  without  incurring  the 
delay  of  sen^ng  to  foreign  couptries  for  large  masses  •f  forged  steol.  The  great 
weight  of  the  foregoing  guns  recommended  &r  test  is,  however,  objectionable,  and 
this  Board  would  prefer  such  combinations  of  materials  possessing  the  highe-st  ten- 
sile strength  as  will  produce,  with  less  weight,  a  guu  capable  of  givimg  the  bigk 
velocities  now  sought  for.  But  while  this  latter  class  of  guns  is  being  developed 
through  a,  series  of  careful  and  costly  experiments,  some  cheaper  gun,  though  of  less 
power,  susceptible  «f  rapid  production,  m  case  of  need,  should  he  determined  upon^ 
so  that  the  country  may  not  be  left  entirely  defenseless. 

(For  aetioa,  see  pages  201-2,  proeeedisgs  of  the  Board.) 

The  estimated  eost  of  the  eonstruction  and  teat  of  these  guns  is: 

For  ^onstmetion : 

Of  giiM  representod  foy  Platell $11,100  00 

Of  gun  represented  by  Plan  M 37,289  00 

Of  gun  represented  by  Plan  H,  including  $6,000  fw  prepanration 41, 170  00 

Total 89,559  00 

For  test: 

Of  gun  represented  by  Plate  II :       ' 

Powder,  per  round ^ ... ..         $25  50 

Projectile 39  00 

Labor,  dec,  during  ^t,  per  round 13  10 

Total  per  round 77  60 

Of  sun  presented  by  plan  M: 

Powder,  per  round $76  00 

Projectile 72  25 

Labor,  dbc,  during  test,  per  round .  15  75 

Total,  per  round 164  00 

Of  gun  represented  by  Plan  Hs 

Powder,  per  round - $70  89 

Projootile 7^25 

Labor,  4c^,  during  test,  per  round 15  75 

Total,  per  round 158  89 

q.  The  design  for  a  12-inch  M.  L.  rifled  mortar  submitted  by  the  Chief 
of  Ordnance: 

The  Board  recommends  that  a  rifled  mortar  he  constructed  for  experiment,  of  the 
caliber  and  dimensions  proposed  by  the  Ordnance  Department,  with  such  projectiles 
as  that  department  may  detennine  as  best  suited  for  the  purpose.  These  mortars  are 
very  much  needed  for  harbor  defense,  and  emplacements  for  them  have  already  been 
made  ready  at  many  important  places  on  our  sea-coast. 

(For  action,  see  page  203,  proceedings  of  the  Board.) 


150         KEPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  estimated  cost  of  the  construction  and  test  of  this  mortar  is:     « 

For  construction * $7,  IAS  00 

For  t^st :  ^ 

Powder,  per  round ^ $14  02 

SlieU 52  25 

Labor,  d&o.,  during  test,  per  round 14  50 

Total,  per  round 80  77 

r.  W.  P,  Hunt's  design  (B)  for  a  B.  L.  steel  rifle: 

This  Board  is  of  the  opinion  that  an  all-steel  gun  should  be  tested.  Several  of  the 
plans  for  such  guns  presented  to  tht^  Board— notably  that  submitted  by  Mr.  W.  P.  Hunt 
with  his  letter  of  April  15, 1882,  marked  design  B ;  that  submitted  by  Mr.  A.  H.  Emery, 
with  his  letter  of  January  23,  1882,  marked  Plate  5,  and  that  submitted  by  Dr.W.  £. 
Woodbridge,  withhisletterof  March  29, 1882,  marked  Plate  111 — have  undoubted  merit. 
Of  these  we  prefer  the  design  of  Mr.  Hunt,  but  recommend  for  construction  and  tiial 
a  lu-inch  gun  after  the  same  plan  instead  of  the  8-inch  gun  shown  on  the  drawing. 
Although  aware  that  the  construction  of  this  gun  is  not  at  this  time  within  the  facili- 
ties  afforded  by  our  own  manufactories,  and  will  theft*efore  involve  the  importation  of 
the  large  steel  tubes  that  go  to  make  up  the  piece,  we  still  think  tlk)  gun  should  be 
tried  to  test  the  system  as  compared  with  other  systems  recommended,  especially  the 
forged  steel  and  wire  guns. 

(For  action,  see  pages  202-3,  proceedings  of  the  Board.) 

The  estimated  cost  of  the  oonstmction  and  test  of  this  gun  is: 

For  construction  (this  will  depend  on  the  cost  of  imported  steel  for  a  trial 

gun)  at  the  present  rates,  probably $32^516  00 

I  ■ 
For  test : 

Powder,  per  round $45  90 

Projectile 39  00 

Labor,  &c.>  during  test,  per  round 13  10 

Total,  per  round.... 98  00 

8.  Dr.  W.  E.  Woodbridge^s  brazed  steel  wire  gun,  Plate  VI. 

A  gun  of  10-inch  caliber,  after  the  design  of  Dr.  W.  E.  Woodbridge,  was  recom- 
mended for  construction  by  the  Board  on  Heavy  Rifled  Ordnance^  convened  by  Gentral 
Orders  No.  57,  of  June  28,  1872.  This  device  involved  a  steel  tube  to  be  bound 
around  by  steel  wire  under  the  requisite  tension,  and  to  be  united  by  bra^ng  with 
bronze.  The  gnu  was  constructed  at  Frankford  Arsenal,  and  submitted  to  a  trial  of  93 
rounds,  83  of  which  were  fired  under  the  direction  of  this  Board.  It  burst  into  two 
parts,  just  behind  the  trunnions,  under  a  powder  pressure  of  about  80,000  pounds  to 
the  square  inch,  as  measured  by  the  Rodman  gauge.  An  examination  and  tetsts,  at  the 
Watertown  Arsenal,  of  sections  cut  from  the  broken  gun,  revealed  the  fact  that  the 
brazing  was  imperfect.  Several  difficulties  occurred  in  the  oonstmction  of  this  piece 
from  the  lack  of  experience  in  applying  the  brazing  system  to  so  large  a  nuiss;  and, 
further^  it  seems  probable  that  undue  initial  strains  were  developed  on  the  exterior 
in  cooling  which  assisted  largely  in  producing  the  transveree  rupture.  Could  the 
brazing  have  been  moderately  well  eifected,  and  the  interior  ana  exterior  coolings 

Jroperly  reflated,  it  is  believed  that  the  gun  would  have  been  exceptionally  stron  r. 
t  is  a  merit  of  this  method  of  construction  that  the  material  is  not  liable  to  give 
way,  causing  rupture,  without  i^revious  indications.  The  transverse  erack  behind 
the  trunnions,  where  the  ruptnre  took  place,  increased  during  the  firing  by  incre- 
ments so  minute  that  from  the  ()5th  to  the  85th  round  that  increase  amounted  to  only 
T^  of  an  inch.  There  could,  therefore,  be  little  if  any  apprehension  that  guns  made 
after  Dr.  Woodbridge's  system  would  burst  without  previous  warning,  though  impei^ 
fectly  constructed. 

In  view  of  the  fact  that  the  gun  tried  stood  quite  severe  tests,  notwithstanding  its 
Imperfections,  and  that  the  plant  used  in  its  construction  still  exists  at  Frankford 
Arsenal„it  is  recommended  that  another  10-inch  gun,  after  the  model  presented  by  Dr. 
Woodbridge  (Plate  VI,  accompanying  his  letter  of  March  29, 1882)  be  made  for  further 
tiial.  II  IS  suggested  that  tne  method  of  strengthening  the  walls  of  the  gnn  as 
against  longitudinal  strains^  shown  on  bis  drawing  for  a  12-inch  gnn  (Plate  IV),  be 
adopted  in  ths  oonstiuotion  proposed. 

Not  ananimoRS.  Two  members  voted  in  the  negative,  (For  action, 
see  page  204,  proceedings  of  ttie  Board.) 
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The  estimated  cost  of  the  construction  and  test  of  this  gun  is: 

For  coustractiou,  includiog  alteration  to  "  plant " $25, 500  00 

For  teat :  3 

Powder,  per  round - $51  00 

Projectile 39  00 

Labor,  &c.,  dnring  test,  per  round 13  10 

Total,  perround 103  10 

t  Design  for  a  steel  wire  gun,  submitted  by  the  Chief  of  Ordnance : 

Though  the  wire  gun  has  bad  but  a  limited  trial  it  seems  to  promise  the  strength 
requisite  for  the  attainment  of  high  initial  velocities.  The  precise  combination  of 
parts  that  will  give  the  best  results  for  steel  wire  guns  has  not  as  yet  been  arrived  at. 
To  reach  the  solution  of  the  problem  it  will  be  necessary  to  experiment  with  different 
gun  consf  ructions  after  this  general  method,  and  ir.  is  with  this  view  that  the  lioard 
recommends- that  the  d-inch  wire  gun  presented  by  the  Ordnance  Department  be  con- 
structed for  trial. 

(For  action,  seepage  205,  proceedings  of  the  Board.) 

The  estimated  cost  of  the  construction  and  test  of  this  gun  is: 

For  construction $11,400  00 

For  test : 

Powder,  perround $31  H7 

Projectile 19  50 

Labor.  &c.,  during  test,  per  round 10  50 

Total,  per  round 61  87 

w.  Dr.  W.  E.  Woodbridge's  steel  gun,  longitudinal  bars,  wire- wound, 
wire  soldered  (Plate  IV) : 

It  is  the  opinion  of  the  Board  that  the  plan  of  a  12-incb  gun  submitted  by  Dr.  W. 
E,  Wood  bridge,  Plate  IV,  accompanying  his  letter  of  March  29,  18rt2.  consisting  of 
steel  tubes  and  bars  strengthenefl  by  wire  wrapped  and  soldered,  presents  a  combiua- 
tion  and  arrangement  of  material  and  parts  which  gives  sufiicieut  promise  of  strength 
to  warrant  a  trial  of  this  Kystem  of  construction.  The  large  charge  of  powder  and 
heavy  shot  proposed  to  be  used  places  it  in  tiie  front  rank  of  high-power  guns,  and 
while  there  may  be  some  doui»t  as  to  it«  ability  to  endure  what  is  claimed  for  it,  espe- 
cially with  the  present  arrangement  of  the  two  tnbes,  it  is  believtMl  that  a  hik;h-power 
gun  can  be  made  on  this  general  plan,  and  it  is  with  this  view  that  the  Board  recom- 
mends that  a  10-inch  gun  on  this  plan  be  made  and  submitted  to  actual  test.^ 

(For  action,  see  page  205,  proceedings  of  the  Board.) 

The  estimated  cost  of  the  construction  and  test  of  this  gun  is: 

For  construction,  including  special  '^  plant " $2.5, 000  00 

For  ie$t: 

Powder,  perround $51  00 

Projectile 39  00 

Labor,  &c.,  during  test  perround 13  10 

Total  i>frrott)fd 103  10 

X.  The  wire- wrapped  B.  L.  steel  rifle,  after  the  plan  of  Schultz,  sub- 
mitted by  Col.  S.  Crispin  (Plan  I): 

The  design  for  a  wire- wrapped  B.  L.  steel  rifle  gnu,  after  the  plan  of  Captain  Srhnltz, 
French  Artillery,  for  securing  a  division  of  strains,  presented  for  the  con.sidfration  of 
this  Board  by  Colonel  Crispin,  of  the  Ordnance  Department,  having  already  l>een 
tried  abroad,  with  more  or  less  success,  is  recommended  for  test,  in  common  with  the 
other  designs  of  wire  guns  heretofore  recommended,  with  a  view  to  determining  the 
best  combination  of  parts  for  this  general  system  of  gun  construction. 

Not  unanimous — one  member  voting  in  the  negative.  (For  action, 
see  page  200,  proceedings  of  the  Board.) 
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The  estimated  cost  of  the  construction  and  test  of  this  gun  is — 

For  construction  (this  will  depend  on  the  cost  of  the  steel  parts  and  on  the 
amount  of  royalty  that  would  be  claimed),  probably  about $24, 190  00 

*  

For  lest,  assuming  a  weight  of  powder  charge  and  projectile  (the  items 
not  being  given): 

Powder,  per  round 38  25 

Projectile 3:^  25 

Labor,  &c.,  during  test,  per  round 11  75 

Total  jwroMnd 83  25 

In  conclusion  this  Board  presents  the  following  brief  reference  to  pre- 
vailing opinions  and  methods  of  gun  construction  as  developed  in  the 
practice  and  experience  of  leading  military  nations  during  the  past 
twenty  years,  and  in  connection  therewith  the  considerations  that  have 
determined  its  recommendations  for  the  construction  and  trial  of  the 
several  designs  for  heavy  guns  enumerated  in  preceding  resolutions  of 
the  Board. 

The  change  from  the  former  comparatively  light  smooth-bore  gun  to 
the  heavy  rifled  cannon  of  the  present  day,  throwing  an  elongated  pro- 
jectile of  at  least  three  times  the  weight  of  a  spherical  shot  of  the  same 
caliber,  has  led  to  the  almost  entire  abandonment  of  cast  iron,  unaided 
by  other  metals,  for  gun  construction,  and  to  the  trial  and  adoption  in 
its  stead  of  metals  of  higher  tensile  strengths  and  elastic  limits,  as  forged 
iron  and  steel.  It  is  true  that  the  Italian  military  authorities,  and  es- 
pecially those  of  France,  have  experimented  quite  extensively  with  com- 
binations of  cast  iron  and  steel  ibr  heavy  guns  with  good  results;  the 
present  naval  and  sea-coast  armament  of  the  latter  nation  being  made 
up  in  great  part  of  such  guns. 

It  seems,  however,  from  information  at  our  command,  that  neither  of 
these  nations  is  disposed  to  rest  satisfied  with  this  combination  of  ma- 
terial for  gun  construction.  In  fact,  the  French  have  instituted  trials 
with  all  steel,  and  recently  with  steel  wire- wrapped  guns.  Herr  Krupp^s 
rifled  guns  are  made  solely  of  forged  steel.  They  have  been  adopted 
in  Germany,  Austria,  and  by  some  of  the  minor  powers  of  Europe. 
Though  the  Armstrong  and  Woolwich  guns  are  constructed  essentially 
of  wrought  iron,  we  infer  from  various  sources  that  English  opinion^ 
in  common  with  that  of  the  continent,  points  to  the  use  of  steel  in  some 
shape  as  the  future  material  for  heavy  guns  both  for  land  and  naval 
service.  The  combinations  of  this  material,  as  well  as  those  of  wrought 
iron,  known  as  the  built-up  system,  thus  far  tried  with  more  or  less 
success,  consist  of  a  lining  tube  surrounded  by  concentric  rings  or 
cylinders  of  greater  or  less  length  connected  together  by  methods  vary- 
ing with  the  ideas  of  the  designers,  as  in  the  Krupp,  the  Woolwich,  and 
the  Armstrong  systems. 

These  different  systems  all  agree  in  this,  that  the  assemblage  of  parts 
shall  produce  compression  upon  the  inner  hiyers  and  extension  upon  the 
outer,  so  as  to  call  forth  in  the  most  effective  manner  the  resistance  of 
the  several  rings  when  subjected  to  the  strains  due  to  the  explosion  of 
the  charge. 

Though  long  since  a  recognized  fact  that  the  peneti-ation  of  project- 
iles into  iron  increases  far  more  rapidly  with  velocity  of  impact  than 
with  weight  of  shot,  it  is  only  within  a  few  years  that  changes  in  gun 
construction  have  been  initiated  looking  to  a  large  increase  of  initial 
velocities.  These  recent  changes  have  nivolve<i  great  increase  in  tlie 
length  of  gun  and  in  the  capacity  of  the  powder  chamber,  by  which  means 
about  one-third  additional  velocity  of  projectile  has  been  reached,  and, 
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notably,  in  the  9.45-incli  Krupp  gun,  and  in  the  wire-bound  Armstrong 
gun  recently  constructed  and  tried,  about  one-half. 

So  far  «s  we  can  learn,  the  leading  military  nations  of  the  world, 
though  already  provided  to  some  extent  with  guns  of  medium  power, 
more  or  less  satisfactory,  are  now  looking  for  such  combinations  of 
metals  as  will  produce  a  stronger  gun  capable  of  burning  a  very  large 
charge  of  powder  so  as  to  attain  the  highest  possible  initial  velocities 
with  safety. 

Steel  in  some  form  seems  to  be  regarded  as  the  best  metal  to  accom- 
plish that  end.  The  fact  that  steel  wire  can  be  produced  with  more 
than  twice  the  tensile  strength  of  steel  forged  as  rings  has  probably 
induced  the  recent  construction,  for  trial,  of  wire-bound  guns  both  iu 
England  and  France.  It  is  understood  that  so  far  as  these  trials  have 
progressed  the  results  are  favorable,  indicating  the  attainment  of  high 
velocities. 

Now,  the  forging  of  the  large  masses  from  which  the  rings  are  pro- 
duced by  boring,  that  constitute  the  successive  layers  of  the  steel  gun, 
involves  a  very  expensive  plant;  is  a  very  slow  and  costly  process,  and 
doe*  not  result  uniformly  in  the  attainment  of  a  perfectly  homogeneous 
metal.  It  would  therefore  be  economy  and  probably  give  better  results 
if  the  outer  layers  of  the  gun  could  be  replaced  by  steel  in  a  shai>e  more 
readily  produced  and  possessed  of  greater  tensile  strength.  It  is  in 
part  with  this  view  that  steel  wire  seems  to  have  been  suggested  for 
wrapping  under  initial  strains  the  interior  tube  and  next  consecutive . 
concentric  bands  of  the  steel  gun.  The  wire  by  its  great  tensile  strength 
cannot  fail  to  impart  the  requisite  tangential  strength  to  the  structure. 
The  only  apparent  difficulty  of  the  combination  is  in  the  x>arts  that 
give  resistance  to  longitudinal  strains  developed  in  firing. 

Dr.  W.  E.  Woodbridge,  who  seems  to  have  been  the  inventor  or  sug- 
gestor  of  the  wire  gun,  has  attempted  to  attain  resistance  to  transverse 
rupture,  other  than  that  due  to  the  great  friction  of  the  parts^  by  unit- 
ing them  by  brazing  with  bronze. 

In  Sir  William  Annstrong's  wire  gun,  resistance  to  longitudinal  strains 
is  effected  by  the  introduction  of  lengthwise  layers  of  steel  wire  sur- 
rounding the  barrel  between  layers  of  the  wrapping  wire,  and  in  Schultz's 
gun  the  breech  is  bound  to  the  trunnion  ring  by  round  bars  of  steel. 

Though  experiments  have  not  yet  been  carried  to  the  extent  of  deter- 
mining the  best  combination  of  parts  for  this  gun,  within  their  limited 
range*  they  are  so  promising  as  to  induce  this  Board  to  suggest  and 
recommend  that  persistent  trials  be  made  with  wire  guns  presenting 
different  combinations,  with  a  view  to  a  full  and  satisfactory  t.est  of  the 
system. 

It  is  believed  that  a  wire  gun  can  be  constructed  with  the  facilities 
presented  by  the  manufacturing  establishments  of  our  own  country, 
whereas  the  gun  built  up  of  concentric  forged  steel  rings  is  beyond  those 
facilities  as  now  developed,  and  can  therefore  only  be  produced  with 
great  delay  and  cost. 

Though  the  experience  of  our  own  country  has  shown  that  heavy 
guns  possessing  moderate  power  can  be  made  of  cast  iron  solely,  we  do 
not  regard  it  as  a  reliable  metal  for  our  sea-coast  armament.  We  have, 
however,  recommended  for  trial  two  cast-iron  guns,  banded  with  steel 
lings  and  one  wrapped  with  steel  wire,  with  a  view  to  determining  their 
suitableness  for  supplying,  in  case  of  urgent  need,  a  deficiency  in  the 
armament  of  our  forts  and  batteries,  and  with  the  belief  that  such  guns 
can  be  produced  at  our  own  manufactories  without  much  delay. 

Although  ot  the  opinion  that  steel  guus  can  be  made  of  great  power 
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mad  eodinraoeeoa  the  bnilt-op  principle  already  described,  we  have  rec- 
ammefMled  one  plan  unlr  of  these  gnoK  for  constraction  and  trial,  for 
reaaofu  already  given.  Onr  reeomuiendations  for  testing  several  de- 
•i^rns  of  wire- wrapped  gons  in  preference  to  those  steel- banded  are  fully 
set  fiorth  in  the  foregoing  remarks. 

GEO.  W.  GETTY, 
Brevet  Major-General  and  Colonel  Third  Artillery. 

Z.  B.  TOWEK, 
Colonel  of  Engineers^  Breret  Major-Chneral^  U,  8.  A. 

JOHN  MENDENHALL, 
Major  Fint  Artillerjf^  Brevet  Colonel,  £7.  8.  A. 

The  nndersigned  members  do  not  subscribe  to  that  part  of  the  fore- 
going report  l^ginning  with,  and  following,  the  words,  ^^In  conclusion 
this  Board  presents  the  following  brief  reference  to  prevailing  opinions 
and  methods  of  gun  constmction,^  &c.,  as  they  cannot  assent  to  some 
of  the  views  as  expressed  therein* 

While  they  believe  that  the  correct  theory  of  gun  construction  is 
known  and  generally  agreed  upon  by  experts,  the  best  method  of  car- 
rying out  this  theory  in  practice  is  still  a  subj^t  of  controversy.  The 
^versity  of  opinion  that  exists  as  to  the  best  material  and  form  of  ma- 
terial to  be  used,  or  the  best  combination  of  materials  and  the  arrange- 
ment  of  the  parts,  has  given  rise  to  many  systems  of  gun  constmotioa, 
the  best  of  which,  for  our  adoption,  can  only  be  determined  by  competi- 
tive tnaL  The  reasons  for  the  action  of  the  Hoard  are  more  or  less  fully 
given  in  each  case,  and  further  statement  here  is  not  thought  to  be 
necessary  or  advisable. 

A.  K.  BUFFINGTON, 
Lieutenant-Colonel  of  Ordnance^ 
¥.  H.  PARKER, 

Major  of  Ordnance. 

VoTE.~Tbe  foUowiiig  addend*  will  aceoncpuiy  this  report,  vii: 
I.  Drawing*  of  the  fpuw  rDCommended  by  the  Bo*n|  for  oonstnioti<»  and  teat. 
XL  IlAcord  of  the  prooeedinjn  and  adjonmmenta,  incladiQ£— . 

A.  Record  of  firing  and  •tar'gaojnn^  of  the  Woodbridge  10>inch  K.  L.  riflft. 

B.  Report  on  the  catting  np  of  the  Woodbridge  giin  a^  the  teet  of  apacimena  takaa  tliarafroin. 
in.  A  brief  deacripdon  of  the  varioas  inventions  and  plans  submitted  to  the  Board. 

IV.  A  aommary  of  the  action  taken  by  the  Bo«rd  on%beee  invention*,  plana.  6lc. 
V.  The  eorreapondenoe  and  docomentary  exhibit*,  including  all  the  matter  laid  before  the  Board,  pa* 

pen,  plana,  model*,  Sec 
TL  Tabtilar  atatementa.  aommariea,  and  general  information  on  the  anbject  of  gun  couatnietion  Uid 

before  the  Board  or  compiled  by  it*  directioD  to  aid  it  in  reaching  lu  oonclnajons. 


Appendix  L 

LIST  OF  DRAWINGS  TO  THE  REPORr  OF  THE  BOARD  ON  HEAVY 

ORDNANCE  AND  PROJECTILES. 

Marked. 

&*inch  Lyman  Haskell  aoceleratiug  or  malticharge  gnn A. 

10-inch  cast-iron  guDy  wire  wound,  wire  soldered Platb  II. 

12-inch  B.  L.  rifle,  cast-iron  body,  hooped  with  steel M. 

12-inch  B.  L.  rifle,  cast-iron  body,  hooped  and  tubed  with  steel H. 

12-iDoh  M.  L.  rifled  mortar,  cast  iron,  hooped  with  steel L. 

8-inch  B.  L.  steel  rifle Design  B. 

10-inch  brazed  steel  wire  gun....« Plate  VI. 

8-inch  steel  wire  gun J R. 

12-inch  steel  gun,  longitudinal  bars,  wire  wound;  wire  soldered Plate  IV« 

9-inch  wire- wrapped  B.  L.  steel  rifle Plan  I. 

F.  E,  H0BB8, 
Second  LieHtenant^  Second  ArHUtn'sff  Becarder. 
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BECORD  OP  THE  PROCEEDIKGS  AND  ADJOURKMENTS, 

PROCEEDINGS  OF  A  BOABD  CONVENED  '^TO  MAKE  EXAMINATIONS  OF  ALL 
INVENTIONS  OF   HEAVY  ORDNANCE   AND  IMPROVEMENTS  OF  HEAVY 

ORDNANCE  AND  PROJECTILES INCLUDING   GUNS    NOW 

BEING  CONSTRUCTED  UNDER  DIRECTION  OF  THE  ORDNANCE  BUREAU,'* 
IN  CONFORMITY  WITH  THE  ACT  OF  CONGRESS  APPROVED  MARCH  3, 
1881,  AND  BY  VIRTUE  OF  THE  FOLLOWING  ORDER: 

Headquarters  of  the  Armt, 
AdJutakt-Generajl's  Office, 

fVoifhiiigtonj  May  16,  1881. 
[Oenend  Orders  Ko.48.1 

The  followiug  order  from  tlie  War  Department  is  published  lot  the  information  of 
all  concerned : 

The  **act  making  appropriations  for  fortifications  and  other  works  of  defense,  and 
for  the  armament  thereof,  for  the  fiscal  year  ending  June  30,  1882,  and  for  other  pur^ 
poses,''  approved  March  b,  1881,  provides  i 

''And  the  President  is  authorized  to  select  a  Board,  to  consist  of  one  Engineer  offi- 
cer, two  Ordnance  officers,  and  two  officers  of  Artillery,  whose  duty  it  shall  ne  to  make 
examinations  of  all  inventions  of  heavy  ordnance  and  improvements  of  heavy  ord' 
nance  and  projectiles  that  may  be  presented  to  them,  inclndiug  guns  now  being  con- 
structed or  converted  under  direction  of  the  Ordnance  Bureau,  and  said  board  shall 
make  detailed  report  to  the  Secretary  of  War,  for  transmission  to  Congress,  of  such 
examination,  with  recommendation  as  to  what  inventions  are  worthy  of  actual  test, 
and  the  CNtimated  cost  of  such  test ;  and  the  sum  of  twenty-five  thousand  dollars,  or 
so  much  thereof  as  may  be  necessary,  is  hereby  appropriated  for  such  purpose." 

In  conformity  with  the  foregoing  act  a  Board  of  officers  will  assemble  at  the  Army 
Bnildiug,  New  York  City,  on  the  13th  day  of  July,  1H81,  for  the  purpose  of  making 
examinations  of  all  inventions  refeired  to  in  the  law,  and  making  a  detailed  report 
of  such  examinations,  with  recommendation  as  to  what  inventions  are  worthy  of 
actual  test,  and  the  estimated  cost  of  such  test. 

Detail  for  the  Board.— Bvt.  Maj.  Gen.  George  W.  Getty,  Colonel  Third  Artillery ; 
Col.  Z.  B.  Tower,  Corps  of  Engineers;  Col.  J.  G.  Benton,  Ordnance  Department;  Maj, 
A.  R.  Buffington,  Ordnance  Department;  Maj.  John  Mendenhall,  First  Artillery. 

Second  Lieut.  Frank  E.  Hobbs,  Second  Artillery,  will  report  to  the  president  of  the 
Board  for  duty  as  recorder. 

The  Chief  of  Ordnance  will  furnish  the  Board  with  all  the  information  on  the  sub- 
ject in  his  possession ;  and  all  persons  interesled  in  such  inventions  are  invited  to  sub- 
mit to  the  Board  plans,  specifications,  and  models,  mode  of  construction,  cost,  &c. 

Bv  command  of  General  Sherman. 

R.  C.  DRUM, 

Official:  At{jutant'G€nerah 

H.  C.  Corbin, 

Assistaiif  Adjutant  General, 

The  Board  met,  pursuant  to  the  foregoing  order,  at  the  Army  Build- 
ing, New  York  City,  at  1  o'clock  p.  m.,  July  13,  18bl. 

Present:  All  the  inemberR  and  the  recorder. 

The  order  convening  it  having  been  read,  the  Board  entered  into  a 
discussion  as  to  the  extent,  meaning,  and  scope  of  the  jict  under  which 
it  was  convened,  and  the  proper  mode  of  disbursement  of  the  money 
therein  appropriated,  and  the  president  whs  requested  to  iiddressaletter 
to  the  Adjutant-General,  U.  S*  A.,  asking  an  interi)retatiou  of  the  act. 
(Letter-book  No.  4.) 
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Tbe  president  was  also  requested  to  ask  for  aathority  to  adjoam  from 
time  to  time,  &c.    (Letter-book  No.  3.) 

The  Board  then  proceeded  to  the  consideration  and  examination  of 
plans  presented  to  it  in  its  correspondence,  viz : 

The  plan  and  description  of  a  gun  and  fortification  presented  by  Mr. 
John  Kobbins,  of  Du  Quoin,  UK  ^L.  B.  No,  1);  and  the  following  reso- 
lution was  unanimously  adopted  m  reference  thereto: 

That  the  Board  does  not  find  sufficient  merit  in  Mr.  John  Bobbins' 
proposed  system  of  gun  construction  to  recommend  it  for  actual  test. 

Mr.  Bobbins  so  informed.    (Letter-book  No.  6.) 

The  drawings  and  specifications  of  gun  and  projectile  presented  by 
Mr.  Jos.  Harris,  jr.,  of  Boston.  Mass.  (L.  B.  No.  2)  j  and  the  following 
resolution  was  unanimously  adopted : 

That  the  Board  does  not  find  sufficient  merit  in  Mr.  Jos.  Harris'  pro- 
posed projectile  or  system  of  gun  construction  to  recommend  them  for 
actual  test. 

Mr.  Harris  so  informed.    (Letter-book  No.  7.) 

The  description  by  Dr.  John  McNulty  of  his  **gun  for  sowing  buck- 
shot'' (L.  B.  No.  3);  and  the  following  resolution  was  unanimously 
adopted : 

That  this  pai)er  be  respectfully  returned,  as  the  m  itter  does  not  come 
within  the  scope  of  the  investigations  of  the  Board. 

Dr.  McNulty  informed  of  this  resolution  and  his  papers  returned* 
(Letter- book  No.  8.) 

The  statements  of  Mr.  H.  Caudwell,  of  Warborough,  Wallingford, 
England  (L.  B.  No.  4),  as  to  che  priority  of  his  claim  for  the  invention  of 
air  chambers;  and  the  following  resolution  was  unanimously  adopted: 

That  as  this  is  a  question  of  priority  of  inventions,  the  Board  does  not 
regard  it  as  within  the  scope  of  its  investigations. 

Mr.  Caudwell  so  informed.    (Letter-book  No.  9.) 

The  plan  of  a  gun  invented  by  Mr.  Alfred  Schroeder,  of  Omaha,  Nebr. 
(L.  B.  No.  5),  presented  by  Mr.  Thomas  Gibson,  his  attorue3%  who  wa-s 
present  and  explained  the  gun  to  the  Board.  The  following  resolution 
was  unanimously  adopted  in  reference  thereto: 

That  as  it  appears  from  the  copy  of  letters  patent  submitted  the  sys- 
tem would  not  be  applicable  to  heavy  ordnance,  the  Board  decides  that 
it  does  not  come  within  the  scope  of  its  investigations. 

Mr.  Gibson  so  informed.    (Letter-book  No.  2.) 

The  plan  of  Mr.  A.  W.  Kercheval,  of  Bomney,  W.  Ya.  (L.  E.  No.  6), 
for  the  simultaneous  discharge  of  heavy  guns  and  thedefenseof  harbors; 
but  without  action  thereon  the  Board  adjourned,  to  meet  the  14th  in- 
stant at  11  o'clock  a.  m. 


Army  Building, 
New  York  City,  July  14, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  Board  then  proceeded  to  consider  Mr.  Kercheval's  plans  5  and 
the  following  resolution  was  unanimously  adopted: 

That  Mr.  Kercheval  presents  no  detailed  design  nor  description  of  a 
heavy  gun  or  projectile  for  examination  by  the  Boanl,  nor  do  his  general 
remarks  offer  anything  specitic  for  its  consideration,  ^is  pa[>ers  are 
therefore  returned,  agreeably  to  his  request. 

Mr.  Kercheval  informed  of  this  resolution  and  his  papers  returned. 
(Letter-book  No.  10.) 
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A  letter  from  Mr.  N.  G.  Saftord,  of  Saint  Albans,  Vt.  (L.  B.  No.  7), 
asking  for  information,  was  read  and  filed. 

A  letter  from  Mr.  Jobn  R.  Tillet,  of  Manassas,  Va.  (L.  R.  No.  8). 
stating  that  his  drawings,  &c.,  would  be  sent  to  the  Board,  was  read  and 
filed. 

A  letter  from  Mr.  D.  K.  Swisher,  of  Greenville,  Ohio  (L.  R.  No.  9), 
Htating  that  his  papers  would  be  sent  to  the  Board,  was  read  and  filed. 

A  letter  from  Mr.  L.  C.  Cobb,  of  Bucyrus,  Ohio  (L.  R.  No.  11),  sub- 
mitting for  the  consideration  of  the  Board  his  plans  for  rifling  cannon, 
was  read  and  laid  aside  for  future  action. 

A  letter  from  Mr.  C.  S.  Ridgway,  of  Boston,  Mafis.  (L.  R.  No.  10),  ask- 
ing when  he  could  present  his  father's  inventions  in  reference  to  harbor 
defenses  and  fortifications,  was  read  and  laid  aside  for  future  action. 

Mr.  C.  W.  Moody,  being  present,  explained  at  length  the  plans  and 
model  of  his  breech-loading  gun  (L.  R.  No.  29).  The  matter  was  laid 
aside  for  future  action. 

Mr.  D.  Fitzgerald,  of  New  York,  being  present,  submitted  a  model  and 
description  of  his  gun. 

The  matter  was  laid  aside  for  future  action,  and  the  Board  then  ad- 
journed, to  meet  the  15th  instant  at  11  o'clock  a.  m. 


Army  BtriLBiNa, 

Iffew  York  City^  July  15, 1881* 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  procee<lings  of  the  13th  and  14th  instant  having  been  read,  the 
Board  proceeded  tq  the  further  consideration  of  Mr.  L.  C.  Cobb's  letter 
(L.  R.  No.  11);  and  the  following  resolution  was  unanimously  adopted: 

That  the  Board  has  examined  the  plan  for  rifling  cannon  submitted 
by  Mr.  Cobb,  in  his  letter  of  July  11, 1881,  and,  from  previous  experience 
with  a  similar  system,  is  of  the  opinion  that  it  has  not  sufficient  merit 
to  warrant  its  trial. 

Mr.  Cobb  so  informed.    (Letter-book  No.  11.) 

The  Board  then  proceeded  to  the  further  consideration  of  Mr.  0.  L. 
Ridgway's  letter  (L.  R.  No.  10);  and  the  recorder  was  directed  to  inform 
Mr.  Ridgway  that^- 

As  the  Board  is  only  authorized  to  examine  inventions  relating  to 
systems  of  manufacture  and  construction  of  heavy  ordnance  and  pro- 
jectiles, unless  the  invention  referred  to  relates  strictly  to  these  thmgs, 
it  would  not  be  desirable  to  send  it  on  for  consideration.  (Letter-book 
No.  12.) 

The  consideration  of  Mr.  Fitzgerald's  design  was  continued  5  and  the 
following  resolution  was  unanimously  adopted : 

That  the  Board,  bavingexamined  Mr. Fitzgerald's  designforconstruct- 
ing  cannon,  as  shown  in  his  letter  and  accompanying  model,  is  of  the 
opinion  that  it  is  impracticable,  especially  for  heavy  cannon,  and  does 
not  recommend  it  for  test.    (Letter-book  No.  13.) 

Mr.  C.  Dunderdale,  of  New  York,  personally  presented  and  explained 
to  the  Board  the  plan,  method  of  construction,  &c.,  of  the  Fenis  gun 
(L.  R.  No.  79).  Without  action  the  subject  was  laid  aside  for  future 
consideration. 

Mr.  A.  H.  Emery,  of  New  York,  personally  addressed  the  Board,  le-' 
questing  that  it  appoint  some  day  to  examine  his  inventions. 

The  Board  informed  Mr.  Emery  that  he  could  present  his  plans,  &c., 
on  Wednesday,  July  20. 
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Tlie  Board  then  proceeded  to  the  consideration  of  subjects  presented 
to  it  in  its  correspondence,  viz: 

The  drawing  and  explanation  of  a  projectile  submitted  by  Mr.  C.  J. 
O'Hara,  of  New  Orleans,  La.  (L.  R.  No.  13.) 

After  consideration  the  recorder  was  directed  to  inform  Mr.  O'Hara 
that- 
Having  examined  his  drawing  and  explanation  the  Board  does  not  find 
that  this  matter  comes  within  the  scope  of  its  investigations,  as  it  refers 
to  an  incendiary  composition  for  tilling  shells,  rather  than  to  a  design 
for  a  projectile  for  heavy  ordnance.    (Letter  book  No.  14.) 

The  description  and  cut  of  elevating  and  depressing  apparatus  and 
automatic  index  of  elevation,  invented  by  Mr.  A.  F.  Potter,  and  sub- 
mitted by  Mr.  S.  L.  Cutter,  of  Salinas.  Cal.    (L.  R.  No.  17.) 

After  consideration  the  recorder  was  directed  to  inform  Mr.  Cutter 
that — 

This  matter  does  not  come  within  the  scope  of  the  Board's  investiga- 
tions.   (Letter-book  No.  15.) 

The  model  and  description  of  a  projectile,  invented  by  Mr.  A.  F.  Pot- 
ter, and  submitted  by  Mr.  S.  L.  Cutter,  of  Salinas,  Cal.    (L.  R.  No.  16.) 

After  consideration  the  matter  wjus  laid  aside  for  future  action. 

Letter  from  Mr.  E.  L.  Birchard,  of  Susquehanna,  Pa.  (L.  R.  No.  18), 
submitting  his  model  of  a  projectile  for  penetrating  iron-clad  vessels; 
and  the  following  resolution  was  unanimcmsly  adopted: 

That  the  Board,  having  examined  the  model  and  description  given  of 
Mr.  Birchard's  projectile,  does  not  think  it  possesses  sufficient  merit  to 
recommend  it  for  test. 

Mr.  Birchard  so  informed.    (Letter- book  No.  16.) 

The  model  and  description  of  a  projectile  presented  by  Mr.  R.  M. 
Parker,  of  Rockford,  III.    (L.  R.  No.  19.) 

The  recorder  was  directed  to  inform  Mr.  Parker  that — 

As  this  shell  is  intended  for  field  artillery  its  examination  does  not  come 
within  the  scope  of  the  Board's  investigations.    (Letter-book  No.  17.) 

The  model,  specification,  and  plan  of  a  projectile  invented  and  pre- 
sented by  Mr.  F.  W.  Frampton,  of  Philadelphia,  Pa.  (L.  R.  Nos.  20and 
60);  and  the  following  re«oluti<m  was  unanimously  adopted: 

That  the  Board  has  examined  the  model  of  a  i>rojectile  submitted  by 
Mr.  Frampton,  and  is  of  the  opinion  that,  in  simplicity  of  construction 
and  certainty  of  operation,  it  is  inferior  to  the  j)resent  service  projectiles. 
Mr.  Framjiton  so  informed.    (Letter  book  No.  18.) 

The  mo4lel  and  specification  of  a  cannon  and  plan  for  aiming  heavy 
guns  submitted  by  Mr.  Joseph  Bolt,  of  Trexler,  Pa.  (L.  R.  Nos.  21  and 
22.) 

After  consideration  the  recorder  was  directed  to  inform  Mr.  Bolt  that — 

The  Board  has  examined  his  inventions,  as  shown  in  his  letters  and 
accompanying  models,  and  is  of  the  o)>ini(m  that  they  are  not  suite^l  for 
heavy  ordnance.    (Letter-book  No.  19.) 

The  model  and  letters-patent  of  a  i>ngectile  submitted  by  the  inventor, 
Mr.  T.  D.  Gibson,  of  Wilmington,  Del.*    (L.  R.  Nos.  2^  j»nd  55.) 

After  examination  the  recorder  was  directed  to  inform  Mr.  Gibson 
that — 

In  the  opinion  of  the  Board  his  ])r(»iectile  is  not  suitable  for  use  with 
heavy  ordnance.    (Letter-book  No.  20.) 

The  model  and  letters  ]»atent«.f}i  cotnpound  exjilosive  proje^tile  sub- 
mitted bv  the  inventor,  Mr.  F.  A.  Markhy,  of  Wa^ne:  borough,  Vix.  (L. 
R.  Nos.  24  and  QS.) 
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Aft<5r  examination  the  recorder  was  directed  to  inform  Mr.  Markley 
that- 
Ill  the  opinion  of  the  Board  his  projectile  is  entirely  unsuited  for  use 
with  heavy  ordnance.    (Letter-book  No.  21.) 

A  letter  from  Mr.  J.  Eeese,  of  Pittsburgh,  Pa.  (L.  K.  Ko.  25),  calling 
attention  to  his  process  for  making  steel.  Laid  aside  for  future  consid- 
eration. 

Also  letters  from  Mr.  Reese  (L.  K.  Nos.  26  and  42),  calling  attention 
to  his  process  for  the  manufacture  of  steel  cannon.  Laid  aside  for  future 
consideration. 

The  letters  and  model  of  a  revolving  cannon  submitted  by  the  in- 
ventor, Mr.  J.  W.  Potter,  of  Perrysville,  R.  I.    (L.  R.  No.  53.) 

After  examination  the  recorder  was  directed  to  inform  Mr.  Potter 
that— 

The  Board  does  not  regard  the  subject  of  revolving  cannon  as  within 
the  scope  of  its  investigations.    (Letter-book  No.  22.) 

The  model  of  and  papers  relating  to  the  projectile  invented  by  Mr. 
H.  H.  Sibley,  of  Fredericksburg,  Va.  (L.  R.  Nos.  47,  48,  49,  and  77.) 
Laid  aside  for  future  consideration. 

The  Board  then  adjourned  to  meet  the  19th  instant,  at  11  o'clock  a.m. 


Army  Building, 
New  York  City^  July  19, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  15th  instant  were  read. 

Mr.  G.  W.  Turner,  of  Okoloua,  Miss.,  being  present,  explained  his 
projectile  to  the  Board.    (L.  R.  No.  39.) 

He  was  informed  that  as  his  projectile  was  intended  for  field  artillery 
only,  its  consideration  did  not  come  within  the  scope  of  the  Board's  in- 
vestigations. 

The  following  letter  from  the  A(^jutant-General  was  read  and  filed. 
(L.  R.  No.  88): 

Headquaktbrs  of  TiiK  Army,  Adji'taxt-General's  Office, 

Washington,  July  18,  1881. 

Bvt.  Mjy.  Geu.  George  \V.  Getty,  U.  S.  A., 

President  of  the  Board  on  Heavy  Ordnance  and  ProjectileH, 

Army  Buildingy  New  York  City : 

Sir:  I  am  directed  by  the  General  of  the  Army  to  inform  yon  that  the  Board  on 
Heavy  Ordnance  and  Projectiles,  appointed  in  General  Orders  No.  48,  c.  8.,  from  this 
office,  is  aachorized  to  adjourn  from  time  to  time,  and  to  visit  such  places  as  may  be 
deemed  expedient.  The  actual  cost  of  such  jourueys  will  be  paid  from  and  charged 
to  the  appropriation  of  $25,000  made  in  the  act  approved  March  3,  1881. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

GEORGE  D.  RUGGLES, 
Aesietant  Adjutant-General  in  charge. 

Letters  from  Mr.  J.  E.  Campbell,  of  Hamilton,  Ohio  (L.  R.  No.  59), 
from  Mr.  J.  Bolt,  of  Trexler,  Pa.  (L.  K.  No.  G3),  and  from  Mr.  A.  W. 
Kercheval,  of  Romney,  W.  Va.  (L.  R.  Xos.  6  and  51),  were  read  and  filed. 

A  letter  from  Dr.  J.  H.  McLean,  of  Saint  Louis,  Mo.  (L.  R.  Ko.  84), 
was  read  and  filed. 

Tlie  recorder  was  directed  to  inform  Dr.  McLean  that  he  can  submit 
the  model,  description,  &c.,  of  his  cannon,  when  he  desires.  (Letter- 
book  No.  24.) 

11  ORD 
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A  letter  from  Mr.  W.  W.  Hanes,  of  Covington,  Ky.  (L.  R.  No.  74),  was 
read  and  filed. 

The  recorder  was  directed  to  inform  Mr.  Hanes  that  he  need  not  ap- 
pear before  the  Board  in  person,  but  that  any  models,  descriptions,  and 
specifications  of  his  inventions  might  be  submitted  if  he  desired.  (Let- 
ter-book No.  26.) 

The  Board  then  resumed  the  consideration  of  the  model  of  and  papers 
relating  to  the  projectile  invented  by  Mr.  H.  n.  Sibley,  of  Fredericks- 
burg, Va.  (L.  R.  Nos.  47,  48,  40,  and  77) ;  and  the  following  resolution 
was  unanimously  adopted : 

That  the  Board  has  examined  the  several  communications  of  Mr.  H. 
H.  Sibley  and  the  accompanying  model,  and  is  of  the  opinion  that  his 
proposed  projectile  does  not  possess  that  strength  and  simplicity  of  con- 
struction which  would  make  it  effective  against  armor  plates  and  other 
objects  of  great  resistance.  It  does  not  therefore  recommend  it  for 
actual  test. 

Mr.  Sibley  so  informed,    (Letter-book  No.  27.) 

The  Board  then  proceeded  to  the  consideration  of  the  matter  presented 
to  it  in  its  correspondence,  viz: 

The  plan  and  specification  of  an  improved  method  of  constructing 
ordnance,  presented  by  Mr.  J.  R.  Tillett,  of  Manassas,  Va.  (L.  R.  Nos.  8 
and  37.) 

The  recorder  was  directed  to  inform  Mr.  Tillett  that — 

In  the  opinion  of  the  Board  his  plan  do^  not  possess  sufficient  merit 
to  warrant  a  recommendation  for  its  actual  test.    (Letter-book  No.  20.) 

A  plan  for  strengthening  cast-iron  guns,  submitted  by  Mr.  John 
Groves,  of  Paterson,  N.  J.  (L.  R.  No.  35);  and  the  following  resolution 
was  unanimously  adopted : 

That  the  Board  has  examined  Mr.  John  Groves's  plan  for  strengthen- 
ing cast-iron  guns,  as  set  forth  in  his  letter  to  the  Chief  of  Ordnance  of 
July  26, 1876,  and  does  not  perceive  in  it  sufficient  merit  to  recommend 
it  for  actual  test. 

Mr,  Groves  so  informed.    (Letter  book  No.  30.) 

The  drawing  of  a  case  shot,  presented  by  Mr.  H.  Studer,  of  Manches- 
ter, England  (L.  R.  No.  33);  and  the  following  resolution  was  unani- 
mously adopted: 

That  the  Board  has  examined  tlie  drawing  of  a  case-shot  submitted 
by  Mr.  H.  Studer,  of  the  Swiss  Artillery,  as  set  forth  in  his  letter  of 
June  3,  1873,  to  the  Chief  of  Ordnance,  and  is  of  the  opinion  that  his 
proposed  projectile  possesses  no  advantages  over  projectiles  of  this 
class  now  in  the  service,  and,  as  it  is  designed  for  field  artUlery  alone, 
does  not  come  within  the  scope  of  its  investigation. 

Mr.  Studer  so  informed.     (Letter-book  No.  32.) 

The  drawing  of  a  projectile  submitted  by  ^Ir.  E.  W.  Dunlap,  of  Tren- 
ton, N.  J.  (L.  K.  No:  32) ;  and  the  following  resolution  was  unanimously 
ad()])ted : 

That  the  Board,  having  examined  Mr.  Dunlap's  drawings,  as  given  in 
his  letter  to  the  Chief  of  Ordnance,  is  of  the  opinion  that  his  proposed 
projectile  is  not  as  well  suited  for  ordnance  of  large  caliber  as  those  now 
in  tlie  service,  and  does  not  therefore  recommend  it  for  actual  test. 

Mr.  Dunlap  so  informed.     (Letter-book  No.  34.) 

The  model,  i>laii,  and  specifications  of  a  breech  system  for  cannon, 
submitted  by  .Mr.  C.  W.  Moody,  of  Indianapolis,  Ind.  (L.  R.  No.  29) ;  and 
tin*  follow ii);,^  resolution  was  unanimously  adopted: 

Timt  :!ie  Board  has  examined  the  description  and  model  of  Mr.  (\  W. 
Moi)il;/.>  breech  system  for  ordnance,  and  is  of  the  opinion  that  it  is  noo 
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well  suited  for  cannon  of  large  caliber.    The  Board  does  not,  therefore, 
recommend  it  for  actual  test.  ,i  jjyHti 

Mr.  Moody  so  informed.    (Letter-book  No.  36.)  •"  "^ 

A  method  of  loading  ordnance  at  the  breech,  submitted  by  Mr.  J.  E. 
N.  Owen,  of  Hamilton,  Nev.  (L.  R.  No.  36) ;  and  the  following  resolution 
was  unanimously  adopted: 

That  the  Board  has  examined  the  method  of  loading  ordnance  at  the 
breech  subraitte<l  by  Mr.  J.  R.  N.  Owen,  and  is  of  the  opinion  that  it  is 
not  well  ^lited  for  cannon  of  large  caliber.  The  Board  does  not,  there- 
fore, recommend  it  for  actual  test. 

Mr.  Owen  so  informed.    (Letter-book  No.  38.) 

Model,  drawing,  and  description  of  breech-loading  gun  submitted  by 
General  I.  F.  Quinby,  of  Rochester,  N.  Y.  (L.  R.  No.  43);  and  thQ  fol- 
lowing resolution  was  unanimously  adopted  in  reference  thereto: 

That  the  Board  has  examined  the  model,  drawing,  and  description  of 
a  breech-loading  gun  submitted  by  General  I.  F.  Quinby,  and  is  of  the 
opinion  that  it  is  not  well  suited  for  guns  of  large  caliber.  The  Board 
does  not,  therefore,  recommend  it  for  actual  test. 

General  Quinby  so  informed.    (Letter-book  No.  39.) 

The  specifications  and  drawings  of  projectiles  for  field  artillery,  sub- 
mitted by  Mr.  N.  Y.  Mayer,  of  Vienna,  Austria.     (L.  K.  No.  34.) 

The  recorder  was  directed  to  inform  Mr.  Mayer  that  this  Board  does 
not  regard  this  matter  as  coming  within  the  scope  of  its  investigatious. 
(Letter-book  No.  40.) 

The  model  and  drawings  of  projectiles  submitted  by  Mr.  W.  H.  Qle- 
land,  of  New  Orleans,  La.    (L.  R.  No.  46.) 

The  recorder  was  directed  to  inform  Mr.  Cleland  that — 

The  Board  regards  his  plan  as  entirely  impracticable,  and  does  not 
recommend  it  for  actual  test.    (Letter-book  No.  41.) 

The  drawing  of  a  projectile  submitted  by  Mr.  Cleveland,  of  Dyekes- 
ville.  Wis.    (L.  R.  No.  45.) 

The  recorder  was  directed  to  inform  Mr.  Cleveland  that — 

The  Board  is  of  the  opinion  that  his  method  of  making  projectiles  is 
entirely  impracticable,  and  does  not  recommend  it  for  actual  test.  (Let- 
ter-book No.  42.) 

Model  and  description  of  a  projectile  presented  by  Mr.  W.  T.  Depue, 
of  Saint  Louis,  Mich.  (L.  R.  No.  54);  and  the  following  resolutiou  was 
unanimously  adopted: 

That  the  Board  is  of  the  opinion  that  the  projectile  proposed,  being 
made  of  several  parts,  lacks  the  necessary  strength  and  simplicity ; 
and  the  form  of  the  point  is  not  as  good  as  the  ogival  now  in  use.  It 
does  not,  therefore,  recommend  it  for  actual  test. 

Mr.  Depue  so  informed.    (Letter-book  No.  43.) 

Mr.  Clinton  Roosevelt  then  appeared  before  the  Board  and  read  a 
paper  for  its  consideration. 

The  Board  then  resumed  the  consideration  of  its  correspondence,  viz: 

A  letter  from  Mr.  1>.  K.  Swisher,  of  Greenville,  Ohio  (L.  R.  Nos.  56^ 
57,  and  58),  submitting  a  plan  of  his  gun. 

The  recorder  was  directed  to  inform  Mr.  Swisher  that — 

The  Board  does  not  regard  his  plan  as  suitable  for  heavy  ordniince. 
(Letter-book  No.  45.J 

The  description  oi  a  magnetized  steel  point  projectile,  glazed  armor 
plate,  &c.,  submitted  by  Mr.  E.  J.  Couch,  of  Grand  Junction,  Iowa. 
(L.  B.  Nos.  60,  61,  and  62.) 

The  recorder  was  directed  to  inform  Mr.  Couch  that — 
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The  Board  regards  his  plan  as  entirely  impracticable,  and  does  not, 
therefore,  recommend  it  for  actual  test.    (Letter-book  No.  46.) 

A  plan  for  constructing  heavy  ordnance,  submitted  by  Mr.  D.  G. 
Smith,  of  Carbondale,  Pa.    (L.  B.  No.  66,) 

The  recorder  was  directed  to  inform  Mr.  Smith  that — 

The  Board  does  not  recommend  his  plan  for  actual  test.  (Letter-book 
No.  47.) 

The  letters  from  Mr.  H.  B.  Anderson,  of  Saint  Louis,  Mo.  (L.  R.  Nos. 
64  and  65),  in  reference  to  his  inventions. 

The  recorder  was  directed  to  notify  Mr.  Anderson  that — 

In  the  opinion  of  the  Board,  his  inventions  are  not  applicable  to  breech- 
loading  cannon.    (Letter-book  No.  48.) 

The  drawing  and  description  of  a  projectile,  submitted  by  Mr.  J.  D. 
Eichards,  of  Lettsville,  Iowa.    (L.  R.  No.  69.) 

The  recorder  was  directed  to  inform  Mr.  Eichards  that — 

His  projectile  is  not  suited  for  heavy  ordnance.    (Letter-book  No.  49.) 

The  models  and  descriptions  of  cannon  and  projectiles  submitted  by 
Mr.  J.  F.  Jeter,  of  Cross  Plains^  Ala.    (L.  R.  No.  72.) 

After  consideration  the  following  resolution  was  unanimously  adopted : 

That  the  Board  does  not  find  sufficient  merit  in  Mr.  Jetei^s  plans  for 
cannon  and  projectiles  to  recommend  them  for  actual  test. 

Mr.  Jeter  so  intormed.    (Letter-book  No.  50.) 

The  letters  from  Mr.  A.  G.  Sattbrd,  of  Saint  Albans,  Vt.,  submitting 
model  of  Amos  Newport's  shell.    (L.  R.  Nos.  7  and  80.) 

The  recorder  was  directed  to  inform  Mr.  Safford  that — 

The  proposed  projectile  being  a  spherical  case  shot,  the  Board  does 
not  regard  this  matter  as  coming  within  the  scope  of  its  inv^estigations. 
(Letter-book  No.  51.) 

A  letter  from  Mr.  T.  D.  Gibson,  of  Wilmington,  Del.  (h,  R.  No.  81), 
was  read  and  filed. 

A  letter  from  Mr.  S.  S.  Powers,  of  Postville,  Iowa,  transmitting  the 
ordnance  inventions  of  Mr.  0.  B.  Guy.     (L.  R.  No.  82.) 

After  consideration  tliefollowing  resolution  was  unanimously  adopted  : 

That  the  Board  has  examined  the  several  small  models  of  guns  and 
projectiles  submitted  by  Mr.  Powers  for  Mr.  Guy,  and  is  of  the  opinion 
that  the  plans  therein  embodied  are  imjiraeticable,  and  does  not  recom- 
mend them  for  actual  test. 

Mr.  Powers  so  informed.     (Letter-book  No.  52.) 

A  letter  from  Mr.  (t.  Levericli,  of  South  Orange,  N.  J.,  tx)  the  president 
of  the  Board  (L.  R.  No.  90),  ottering  to  communicate  to  the  Board  his 
knowledge  of  the  Thompson  gun. 

The  recorder  was  directed  to  inform  Mr.  Leverich  that  if  his  presence 
is  desired  he  will  be  notified  of  the  tact.     (Letter-book  No.  25.) 

The  plan  proposed  by  Mr.  D.  Warner,  of  London,  Ohio  (L.  R.  No.  83), 
for  increasing  the  range  of  projectiles. 

After  examination,  the  following  resolution  was  unanimously  adopted : 

That  the  Board  has  examined  Mr.  D.  Warner's  models  and  description 
of  his  plan  for  increasing  the  range  of  projectiles,  and  is  of  the  opinion 
that  it  is  wrong  in  principle  and  does  not  recommend  it  for  actual  test. 

Mr.  Warner  so  informed.     (Letter-book  No.  54.) 

The  following  resolution  was  unanimously  adopts : 

That  the  recorder  be  authorized  to  hire  a  clerk  at  a  salary  not  to  ex- 
ceed $100  per  month. 

The  Board  then  adjourned  to  meet  the  20th  instant  at  11  o'clock  a.  m. 
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Army  BuiLDiNa, 
•  New  York  Gityy  July  20,  1881. 

The  Board  met,  pursuant  to  adjourument,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

Mr.  J.  W.  Buell,  of  Kent  Cliffs,  N.  Y.,  personally  appeared  before  the 
Board  and  submitted  and  explained  the  model  of  his  breech  system  for 
cannon.    (L.  E.  No.  92.) 

The  subject  was  laid  aside  for  future  consideration. 

Mr.  A.  H.  Emery,  of  New  York,  personally  appeared  before  the  Board 
and  explained  at  length  some  of  his  inventions. 

The  proceedings  of  the  19th  instant  having  been  read,  the  Board  ad- 
journed to  meet  the  2Ist  instant  at  11  o'clock  a.  m. 


Army  Building, 
New  York  City,  July  21,  1881. 

The  Board  niet,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

Mr.  A.  H.  Emery  continued  his  remarks  to  the  Board  on  the  subject 
of  his  inventions. 

The  proceedings  of  the  20th  instant  were  then  read. 

A  letter  to  the  president  of  the  Board  from  Master  Samuel  Seabury, 
U.  S.  N.  (L.  R.  No.  93),  was  read  and  filed. 

The  recorder  was  directed  to  inform  Master  Seabury  that  he  can  send 
his  models,  &c.,  at  his  convenience,  and  that  his  presence  is  not  neces- 
sary.   (Letter-book  No.  56.) 

Letters  from  Mr.  Thomas  D.  Gibson,  of  Wilmington,  Del.  (L.  R.  Nos. 
94  and  95),  were  read  and  filed. 

The  recorder  was  directed  to  inform  Mr.  Gibson  that  a  report  on  his 
shell,  as  to  its  adaptability  to  field  artillery,  cannot  be  made,  and  that 
his  model,  shells,  &c.,  will  be  returned  to  him  as  soon  as  they  can  be 
spared  from  the  files  of  the  Board.     (Letter-book  No.  57.) 

A  letter  from  Mr.  Jos.  Bolt,  of  Trexler,  Pa.  (L.  R.  No.  91),  asking 
that  the  model  of  his  ** shooting  machine"  be  transferred  to  the  Board 
on  small  arms,  was  read  and  filed. 

The  recorder  was  directed  to  inform  Mr.  Bolt  that  this  Board  has  no 
authority  to  transfer  the  models,  &c.,  laid  before  it  for  its  consideration. 
(Letter-book  No.  58.) 

The  Board  then  adjourned  to  meet  the  22d  instant  at  11  o'clock  a.  m. 


Army  Building, 
New  York  City,  July  22, 1881 . 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  21st  instant  were  then  read. 

The  following  letter  from  the  Adjutant-General  of  the  Army  wa«read 

and  filed.     (L.  R.  No.  97.) 

War  Department, 
Adjutant-General's  Office, 

Washington,  July  21,  1881. 
Bvt.  Maj.  G«n.  George  W.  Getty, 

President  Board  on  Heavy  Ordnance,  4'C'j 

Army  Building,  Neto  York  City: 

8iR :  In  reply  to  yonr  letter  of  the  14th  instant,  I  have  the  honor  to  inform  yon  that 
the  Secretary  of  War  decides  that  the  |25, 000  appropriated  by  the  act  approved  March 
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3,  1^81,  was  to  ni«?et  tbe  cam-nt  exj»enses  «f  the  Board  and  the  cost  of  such  trialn  as 
might,  in  the  opinion  of  the  I^ard,  be  necessary  in  order  to  gather  information  npon 
which  to  base  the  recommendations  required  by  the  act. 

The  SecretATj  concurs  with  the  Chief  of  Ordnance  in  the  opinion  that  thia  money 
waj«  not  intended  for  the  final  tests  of  inventions  recommended  as  worthy,  because 
snch  recommendations,  with  etiti mated  cost  of  snch  trials,  must  be  snbmitted  to  Con- 
gTesc»  for  its  action. 

Very  respectfully,  vour  obedient  servant, 

R.  C.  DRUM, 

Adfrniu  nt'  Grtr^  I. 

A  letter  from  Mr.  D.  Tufts,  of  Pittsburgh,  Pa.  (L.  R.  Xo.  98),  to  Lieut. 
Col.  A.  R.  Buffington,  was  read  and  filed. 

The  recorder  was  directed  to  notify  Mr.  Tufls  that,  as  his  model  is 
quite  heavy,  it  would  be  better  that  he  submit  drawings  and  a  detailed 
description  of  his  gun,  and  the  model  will  be  examined  afterwards,  if 
necessary.    (Letter-book  No.  60.) 

A  letter  from  Mr.  Thomas  D.  Gibson,  of  Wilmington,  Del.,  to  the  re- 
corder (L.  K.  No.  96)  was  read  and  filed. 

The  Board  suggested  that  the  recorder  replv  to  Mr.  Gibson.  (Letter- 
book  Xo.  60.) 

A  letter  from  Mr.  H.  F.  Mann,  of  Pittsburgh,  Pa.,  to  the  President  of 
the  Board  (L.  B.  No.  85),  was  read  and  filed. 

The  recorder  was  directed  to  inform  Mr.  Mann  that  he  can  submit  his 
drawings,  specifications,  &c.,  as  soon  as  practicable.  If  his  presence  is 
desired  he  will  be  notified.    (Letter-book  No.  61.) 

Mr.  D.  Fitzgerald  personally  addressed  the  Board  on  the  subject  of 
his  inventions  (L.  B.  Na  30),  and  also  presented  a  model  of  another  gun. 

Mr.  Fitzgerald  was  informed  that  his  plans  were  not  considered  suit- 
able for  guns  of  large  caliber  and  could  not  be  recommended  for  actual 
te^t. 

Mr.  Fitzgerald  withdrew  his  models  and  pap^^  (L.  R,  No.  30)  from 
the  files  of  the  Board. 

Mr.  A.  H.  Emery  continued  his  remarks  to  the  Board  on  the  subject 
of  his  inventions. 

The  Board  then  adjourned  to  meet  the  26th  instant  at  11  o*clock  a.  m. 


Armt  BriLDniG, 
Xtiv  Yorl  City.  July  26,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o^clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

Mr.  A.  H.  Emery,  being  pre^sent,  concluded  his  remarks  to  the  Board 
on  the  subject  of  his  inventions ;  being  plans  for  converting  10-inch  and 
15-inch  guns,  and  constructing  new  guns  of  large  caliber.  Mr.  Emery 
also  made  pn)i>o$itions  to  the  Board  in  reference  to  certain  preliminary 
erperiments  and  was  informed  that  he  would  be  answered  to-morrow, 
the  27th  instant. 

The  proceedings  of  the  22d  instant  were  then  read. 

The  Board  then  proceeded  to  the  consideration  of  its  correspondence, 
viz: 

The  plans,  sj>ecifications,  iX>rresi>ondenee,  &c,,  in  relation  to  sea  coast 
fortifications^  and  his  cast-iron  guns  of  large  caliber,  submitted  by  the 
Chief  of  Ordnance  for  Mr.  Norman  Wiard.    (L.  R  No.  103.) 

Laid  aside  for  future  considexation. 

The  plans  and  specifications  of  onlnance^  and  an  improved  method  of 
casting,  snbmitted  bv  Mr.  William  Wheeler  Hubl>ell,  of  Philadelphia, 
Pa,     vL,  U.  No.  102.  > 
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Laid  aside  for  future  consideration. 

A  letter  from  Mr.  G.  Leverich,  of  South  Orange,  N.  J.,  to  the  presi- 
dent of  the  Board  (L.  R.  No.  99),  stating  what  important  points  in  regard 
to  the  Thompson  gun  he  desires  to  explain  to  the  Board,  was  read  and 
filed. 

A  letter  from  Dr.  J.  H.  McLean's  secretary  (L.  E.  No.  100),  asking  if 
Dr.  McLean's  presence  was  necessary  before  the  Board,  or  whether  his 
model  should  be  sent,  was  read  and  filed. 

The  recorder  was  directed  to  inform  Dr.  McLean  that  it  would  be 
better  that  he  submit  the  plans,  specifications,  mode  of  construction, 
and  cost  of  his  gun,  and,  if  necessary,  the  model  will  be  examined  later. 
If  his  presence  is  necessary  he  will  be  informed  of  the  fact.  (Letter- 
book  No.  6S.) 

The  drawings,  specifications,  and  patent  papers  of  a  percussion  shell, 
submitted  by  Mr.  W.  W.  Hanes,  of  Covington,  Ky.    (L.  R.  No.  101.) 

Laid  aside  for  future  consideration. 

A  letter  from  Mr.  F.  W.  Frampton,  of  Philadelphia,  Pa.  (L.  R.  No. 
104),  giving  directions  as  to  the  disposition  of  his  models,  &c.,  was  read 
and  filed.    (Letter-book  No.  74.) 

A  letter  from  Mr.  R.  M.  Parker,  of  Rockford,  111.  (L.  R.  No.  105),  giv- 
ing directions  as  to  the  disposition  of  his  model,  &c.,  was  read  and 
filed.    (Letterbook  No.  71.) 

A  letter  from  Mr.  C.  Dunderdale,  of  New  York  (L.  R.  No.  109),  sub- 
mitting  further  arguments  on  the  Ferris  gun  system,  read  and  filed 
with  previous  papers  for  future  consideration. 

Letters  from  Mr.  William  Davis,  of  Enfield  Wash,  England  (L.  R.  Nos. 
107  and  108),  stating  that  he  had  sent  by  mail  a  box  containing  a  model 
of  a  projectile  he  desired  should  be  considered,  were  read  and  filed. 

A  letter  from  Mr.  H.  H.  Sibley,  of  Fredericksburg,  Va.  (L.  R.  No. 
106),  submicting  model  and  letters  patent  of  Mr.  E.  J.  Seabum's  inven- 
tion for  lifting  and  carrying  heavy  weights. 

The  recorder  was  directed  to  inform  Mr.  Sibley  that  the  considera- 
tion of  Mr.  Seaburn's  invention  does  not  come  within  the  scope  of  the 
Board's  investigations,  which  are  confined  strictly  to  inventions  of  heavy 
ordnance  and  projectiles.     (Letter  book  No.  73.) 

A  letter  from  Mr.  J.  R.  Tillett,  of  Manassas,  Va.  (L.  R.  No.  Ill),  was 
read  and  filed.    (Letter-book  No.  02.) 

A  letter  from  Mr.  Jos.  Harris,  of  Boston,  Mass.  (L.  R.  No.  112),  sug- 
gesting the  idea  of  a  gun  with  a  bore  of  octiigonal  shape. 

The  recorder  was  directed  to  inform  Mr.  Hams  that,  from  previous 
experience  with  similar  systems  of  rifiiug,  the  Board  does  not  regard 
the  plan  as  having  sufficient  merit  to  warrant  a  recommendation  for 
trial.     (Letter- book  No.  75.) 

The  plans  and  descriptions  of  gun,  projectile,  and  fuse  submitted  by 
the  inventor.  Master  Samuel  Seabury,  U.  S.  N.    (L.  R.  No.  110.) 

Laid  aside  for  future  consideration. 

The  Board  then  adjourned  to  meet  the  27th  instant,  at  11  o'clock  a.  m. 


Army  BuiLDiNa, 
Keiv  York  Ciiy^  July  27, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  26th  instant  were  then  read. 

The  recorder  was  directed  to  inform  Mr.  Hubbell,  in  answer  to  his  let- 
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terof  the  23d  instant  (L.  K.  Ko.  102),  that  he  can  appear  before  the  Board 
at  any  time.    (Letter-book  No.  76.) 

The  plans,  description,  &c.,  of  the  Ferris  gun  submitted  by  Mr.  C. 
Dunderdale,  of  New  York  (L.  R.  Nos.  28, 79,89,  and  109),  were  considered 
and  laid  aside  for  future  action. 

Mr.  Willis  E.  Ball,  of  Cold  Spring,  N.  Y.,  then  submitted  his  plans, 
&C.,  of  gun  and  projectile  (L.  K.  No.  113),  and  personal!}'  explained 
them  to  the  Board. 

Mr.  Ball  was  informed  by  the  Board  that  his  plans  were  not  considered 
applicable  to  heavy  ordnance  and  projectiles,  and  could  not  be  recom- 
mended for  actual  test.    (Models  and  plans  vrithdrawn  by  Mr.  Ball.) 

The  model,  description,  and  letters  patent  of  breech-loading  ordnance 
sabmitted  by  Mr.  Theo.  Yates,  of  Milwaukee,  Wis.  (L.  E.  No.  78),  were 
then  considered, and  the  following  resolution  was  unanimously  adopted: 

That  the  Board  has  examin^  the  model,  description,  &c.,  of  Mr. 
Yates's  breech-loading  ordnance,  and  is  of  the  opinion  that  the  breech- 
loading  device  does  not  possess  sufficient  merit  to  warrant  its  actual 
test, 

Mr.  Yates  so  informed.    (Letter-book  No.  77.) 

Mr.  M.  Stafford,  of  New  York  City,  personally  presented  and  ex- 
plained to  the  Board  a  model  of  a  shot  of  his  invention,  being  a  design 
to  give  rotary  motion  to  projectiles  fired  from  smooth-bore  guns.  He 
was  informed  that  the  Board  did  not  think  his  plan  possessed  sufficient 
merit  to  warrant  its  test.    (Model  withdrawn  by  Mr.  Stafford.) 

Mr.  A.  H.  Emery,  of  New  York,  then  personally  appeared,  and  was 
informed  that  in  reference  to  his  propositions  of  the  26th  instant  the 
following  resolution  had  been  unanimously  adopted: 

That  Mr.  A.  H.  Emery  be  informed  that  his  propositions  in  reference 
to  certain  preliminary  experiments  cannot  be  acted  upon  definitely  nntil 
the  Board  has  made  a  more  thorough  examination  of  all  the  plans,  pro- 
jects, &c.,  submitted  to  it. 

Mr.  Emery  addressed  the  Board  in  reference  to  his  propositions. 

The  Board  then  adjourned  to  meet  the  28th  instant,  at  11  o'clock  a.  m. 


Army  BriLDrxG, 
Xeic  Yorl'  Cify,  July  28,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  27th  instant  were  then  read. 

The  Board  tlien  proceeded  to  the  consideration  of  the  matter  pre- 
sented to  it  in  its  correspondence,  viz: 

A  letter  from  Mr.  J.  K.  Haskell,  of  New  York  (L.  R.  No.  114),  submit- 
ting a  copy  of  the  drawing  of  the  6-inch  **Lymaa-IIa«kell  accelerating  or 
multi-charge"  gun,  and  asking  how  much  time  he  could  have  to  submit 
further  drawings,  v^c. 

Laid  aside  for  future  consideration,  and  the  nvorder  directed  to  inform 
Mr.  Haskell  that  he  can  have  until  October  to  submit  his  drawings,  vVc., 
and  suggest  that  he  give  plans,  si)ecification,  mode  of  construction,  ami 
cost  of  a  12inch  gun.    (letter-book  No.  85.) 

A  letter  from  ^Ir.  A.  G.  Siifibrd,  of  Saint  Albans,  Vt,  (L.  R.  No.  IIG), 
giving  directions  as  to  the  dis|>ositiou  of  Amos  Newport's  models. 

Read  and  fileil.     (Letter-book  No.  84.) 

A  letter  fnnn  Mr.  1>,  Warner,  of  lx>ndon,  Ohio  (L.  R  No.  117),  giving 
directions  as  to  tlie  disi>osition  of  his  i^pei-s. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  169 

Read  and  filed.    (Letter-book  No.  83.) 

Letter  from  Mr.  Jos.  Bolt,  of  Trexler,  Pa.  (L.  K.  Xo.  11G\  asking  for 
certain  information. 

liead  and  filed.    (Letter-book  No.  81.) 

A  letter  from  Dr.  W.  E.  Woodbridge,  of  Boston,  Mass.  (L.  R.  No.  1 18), 
presenting  pamphlet  on  his  plan  of  gun  construction. 

Read  and  laid  aside  for  future  consideration. 

A  letter  from  Mr.  Jos.  Bolt,  of  Trexler,  Pa.  (L.  R.  No.  01),  submit- 
ting model,  drawing,  and  specification  of  a  projectile. 

The  recorder  was  directed  to  inform  Mr.  Bolt  that  the  Board  does  not 
think  the  projectile  as  good  as  canister  and  shrapnel  now  in  use,  and, 
as  it  is  not  suitable  for  guns  of  large  caliber,  does  not  recommend  it  for 
actual  test.    (Letter-book  No.  80.) 

A  letter  from  Mr.  C.  B.  Mason,  of  Sumpter,  S.  C.  (L.  R.  No.  SQ),  sub- 
mitting his  plan  of  heavy  ordnance. 

After  examination  the  following  resolution  was  unanimously  adopted : 

That  the  Board  has  examined  the  models  and  description  of  Mr. 
Mason's  plan  for  construction  of  heavy  ordnance,  and  not  regarding  it 
as  suitable  for  guns  of  large  caliber,  does  not  recommend  it  for  actual 
test. 

Mr.  M^asou  so  informed.     (Letter-book  No.  79.) 

A  letter  from  Mr.  W.  W.  Hanes,  of  Covington,  Ky.  (L.  R.  No.  101), 
submitting  drawings,  specifications,  and  letters  patent  of  his  percussion 
shell. 

The  recorder  was  directed  to  inform  Mr.  Hanes  that,  in  the  opinion  of 
the  Board,  his  projectile  is  not  suitable  for  use  with  guns  of  large  cali- 
ber.    (Letter-book  No.  88.) 

Pai)er8  returned  to  Mr.  Hanes  as  requested. 

A  letter  from  Mr.  T.  N.  Hornsby,  of  Simpsonville,  Ky.  (L.  R.  No.  52), 
submitting  plans  and  description  of  projectile  and  scroll  gun. 

After  consideration  the  following  resolution  was  unanimously  adopted : 

That  the  Board  has  examined  the  models,  idans,  and  description  of  a 
projectile  and  scroll  gun  submitted  by  Mr.  Hornsby,  and,  from  experi- 
ence with  similar  projectiles,  is  of  the  opinion  that  his  plan  for  giving 
rifled  motion  is  impracticable.  The  system  of  gun  construction  is  not 
thought  to  be  applicable  to  guns  of  large  caliber,  and  is  not  therefore 
recommended  for  actual  test. 

Mr.  Hornsby  so  informed.    (Letter-book  No.  86.) 

A  letter  from  Mr.  J.  W.  Blake,  of  Marshall,  Minn.,  transmitted  by 
Hon.  William  Windom  (L.  R.  No.  44),  inclosing  description  of  his  sys- 
tem of  gun  construction. 

After  consideration  the  following  resolution  was  unanimously  adopted : 

That,  in  the  opinion  of  the  Board,  Mr.  Blake's  system  is  not  a  suitable 
one  for  gun  construction,  and  is  not  recommended  for  actual  test. 

Mr.  Blake  so  informed.    (Letter-book  No.  89.) 

The  model  and  description  of  a  projectile  invented  by  Mr.  A.  F.  Pot- 
ter, and  submitted  by  Mr.  S.  L.  Gutter,  of  Salinas,  Cal.  (L.  R.  No.  16), 
taken  up  for  further  consideration,  and  the  following  resolution  was 
mianimously  adopted : 

That  the  Board,  having  examined  Mr.  Potter's  projectile,  is  of  the 
opinion  that  it  is  not  suitable  for  use  with  guns  of  large  caliber. 

Mr.  Cutter  so  informed.    (Letter-book  No.  90.) 

A  letter  from  Mr.  L.  W.  Broad  well,  of  Dobling,  Austria  (L.  R.  No. 
31),  transmitted  to  the  Board  by  the  Chief  of  Ordnance,  giving  tracing 
and  description  of  11-inch  steel  built  up  B.  L.  rifled  gun. 
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After cousideration  the  folio wiugresolation  was  auauiinously  adopted: 

That  the  Boanl  does  not  recommend  Mr.  Broad  well's  plan  for  actaal 
test. 

Mr.  Broadwell  so  informed.    (Letter-book  No.  91.) 

A  letter  from  Mr.  S.  B.  Dean,  of  Boston,  Mass.  (L.  R.  No.  75),  sub- 
mitting plans  and  description  of  his  gnn. 

Laid  aside  for  future  consideration. 

A  letter  from  Mr.  F.  A.  Dennett,  of  Boston,  Mass.  (L,  R.  Nos.  38  and 
76),  submitting  plans  and  description  of  his  projectile. 

After  consideration  the  following  resolution  was  unanimously  adopted : 

That  the  Board,  having  examined  the  plans  of  projectiles  submitted 
by  Mr.  F.  A.  Dennett,  is  of  the  opinion  that  they  i)ossess  no  advan- 
tages over  projectiles  already  in  use,  and  does  not  therefore  recommend 
them  for  actual  test. 

Mr.  Dennett  so  informed.    (I^tter-lMwk  No.  92.) 

Mr.  Norman  Wiard's  plans,  specifications,  correspoudence,  &c.,  in  re- 
lation to  sea-coast  fortifications  and  heavy  guns  (L.  R.  No.  103)  were 
taken  up,  but,  without  completing  their  consideration,  the  Board  ad- 
journed to  meet  the  29th  instailt  at  11  o'clock  a.  m. 


Army  Bulbing, 
Xetc  York  City,  July  29,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  oVloek  a  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  28th  instant  were  then  rend. 

A  letter  from  Mr.  H.  F.  Mann,  of  Pittsburgh,  Piu  (L.  K.  No.  119),  was 
read  and  filed. 

The  recorder  was  directed  to  inform  Mr.  ]Mann  that  unless  he  can  a])- 
pear  before  the  Board  next  week  he  had  better  defer  his  visit  until  after 
the  1st  of  October.     (Letter-book  No.  93.) 

A  letter  from  Mr.  H.  II.  Sibley,  of  Fredericksburg,  Va.  (L.  R.  No. 
120),  giving  directious  as  to  the  disposition  of  Mr.  Seaburn's  model,  was 
read  and  filed. 

The  consideration  of  Mr.  Norman  Wiard's  plans,  proi>ositions,  &c., 
was  continued  and  the  papers  finally  laid  aside  for  future  consideration. 

After  an  extended  discussion  on  various  plans  for  future  action,  the 
Board  adjourned  to  meet  the  1st  proximo  at  11  o'clock  a.  m 


Army  Building, 
Xew  York  Ci7y,  August  1,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11.15  o'clock  a,  m. 

Present :  All  the  members  and  the  recorder. 

Mr.  William  Wheeler  Hnbbell,  of  Phila<lelphia,  Pa.,  personally  ad- 
dressed the  Board  on  the  subject  of  his  method  of  making  cast  iron  for 
gun  construction  and  his  breech-loading  ordnance. 

The  proceedings  of  the  29th  ultimo  were  then  read. 

A  letter  from  Mr,  C,  J-  (yHara,  of  NeW  Orleans,  La.  (L.  R.  No.  124), 
claiming  great  superiority  of  his  shell,  was  read  and  fil^. 

A  letter  from  Mr.  C  W.  Moody,  of  Indianapolis,  Ind.  (L.  R.  No.  125), 
submitting  further  arguments  in  favor  of  his  gas  check,  was  read  and 
filed. 

The  recorder  was  directed  to  inform  Mr.  Moodv  that  the  Board  ad- 
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heres  to  its  deeiaioii,  in  regard  to  bis  inventions,  communicated  to  him 
in  letter  of  the  2()th  ultimo.    (Letter-book  No.  98.) 

Letters  from  Mr.  Theo.  Yates,  of  Milwaukee,  Wis.  (L.  R.*  No.  123), 
and  from  Mr.  F.  W.  Frampton,  of  Philadelphia,  Pa.  (L.  E.  No.  122), 
giving  directions  as  to  the  disposition  of  their  models,  &c.,  were  read 
and  filed.    (Letter-book  Nos.  97  and  99.) 

The  Board  then  proceeded  to  the  consideration  of  Mr.  Hubbell's  plans 
as  set  forth  in  his  letters  patent,  pending  which  the  Board  adjourned  to 
meet  the  2d  instant  at  11  o'clock  a.  m. 


Army  Building, 
Nei€  YorJc  Cit^j  August  2, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recoraer. 

The  proceedings  of  the  1st  instant  were  then  read. 

Mr.  D.  L.  Kennedy,  of  New  York  City,  submitted  a  model  of  his  spiral 
drill-pointed  projectile  (L.  E.  No.  127),  and  personally  explained  its  fea- 
tures and  advantages  to  the  Board. 

The  matter  was  laid  aside  for  future  consideration. 

Mr.  R.  B.  Mottatt,  of  Brooklyn,  N.  Y.,  personally  submitted  the  draw- 
ings and  descriptions  of  his  plan  of  heavy  ordnance  construction  (L.  R. 
No.  126)  and  explained  them  to  the  Board. 

The  matter  was  laid  aside  for  future  consideration. 

The  letters  from  Mr.  J.  Reese,  of  Pittsburgh,  Pa.  (L.  R.  Nos.  25  and 
26),  were  taken  up  for  further  consideration,  and  the  recorder  was  di- 
rected to  request  Mr.  Reese  to  submit  definite  plans  and  information  to 
the  Board.    (Letter-book  No.  100.) 

After  farther  general  discussion  of  the  plans  before  it,  the  Board  ad- 
journed to  meet  the  3d  instant  at  11  o'clock  a.  m. 


Army  BuiLDiNa, 
yew  York  City^  August  3,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

Dr.  W.  E.  Woodbridge,  of  Boston,  Ma6S.,  personally  appeared  before 
the  Board  and  explained  at  length  the  plan  and  method  of  constructing 
his  10-inch  M.  L.  rifled  wire  gun. 

The  Board  then  adjourned  to  meet  the  4th  instant  at  11  o'clock  a.  m. 


Army  Building, 
Xetv  York  City,  August  4, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'cloiik  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  2d  and  3d  instant  were  then  read. 

After  some  general  discussion  of  the  various  plans  before  it,  the  fol- 
lowing resolution  was  unanimously  adopted: 

That,  in  view  of  the  proposition  of  Colonel  Laidley,  the  Chief  of  Ord- 
nance be  asked  to  furnish  this  Board  all  information — that  is,  history, 
records  of  firing,  pressures,  velocities,  &c. — ^relative  to  and  tests  for  en- 
durance of  cast-iron  guns,  especially  rifled  guns  of  8-inch  caliber  and 
upwards ;  also  any  reports  of  and  experiments  made  by  Colonel  Laidley 
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to  test  the  value  of  cast  iron  as  a  material  for  heavy  construction.  (Let- 
ter-book No.  101.) 

Dr.  W.  E.  Woodbridge,  of  Boston,  Mass.,  personally  appeared  before 
the  Board  and  exhibited  and  explained  drawings  of  a  projectile  of  his 
invention. 

The  Board  then  continued  the  consideration  of  Dr.  Woodbridge's 
gun,  and  the  following  resolution  was  unanimously  adopted: 

That  the  Woodbridge  lOinch  M.  L.  rifle,  now  at  Sandy  Hook,  N.  J., 
in  j)Ossession  of  the  Ordnance  Department,  be  fired  under  supervision 
of  the  Board  at  least  100  rounds — records  giving  measurements  of  bore, 
velocities,  pressures,  &c.,  being  kept — in  order  that  it  may  obtain  all 
possible  information  before  action  on  the  system  proi)08ed  by  Dr.  Wood- 
bridge;  and  that  the  ('hief  of  Ordnance  be  requested  to  extend  to  the 
Board  all  necessary  facilities  for  conducting  the  aforesaid  experiments 
at  Sandy  Hook  i)roving  grounds,  the  expense  of  the  same  to  be  paid  for 
out  of  the  money  appropriated  for  that  purpose.    (Letter-book  Xo.  102.) 

The  Board  then  adjourned  to  meet  the  5th  instant,  at  11  o'clock  a.  m. 


Army  Building, 
Xew  York  Citj/,  August  5,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  4th  instant  were  then  read. 

A  letter  from  Mr.  C.  B.  Mason,  giving  directions  as  to  the  disposition 
of  his  model  (L.  K.  l^o,  131)^  was  read  and  filed. 

Mr.  A.  H.  Emery,  of  New  York,  then  addressed  the  Board  in  regard 
to  his  propositions  for  the  comparative  test  of  systems  of  gun  construc- 
tion, and  the  following  resolution  was  unanimously  adopted: 

Besolved,  That  the  Board  obtain  from  Mr.  A,  H.  Emery,  of  Xew  York, 
drawings  of  ten  different  systems  of  heavy  gun  construction,  each  giv- 
ing section  of  entire  gun  through  axis,  and  sections  of  one  and  one-half 
calibers  in  length  at  six  different  points;  also,  section  of  a  model  of  the 
breech  for  machine  and  powder  test,  as  explained  and  shown  in  draw- 
ing exhibited  this  day;  and  also  an  approximate  estimate  of  the  cost 
of  the  models  and  sections  made  after  the  drawings;  and  that  the  sum 
of  $1,000— f  100  per  set — be  paid  for  said  drawings  and  estimates  out  of 
the  money  appropriated  for  the  expenses  of  the  Board. 

Mr.  Emery  informed  of  this  resolution  and  requested  to  state  whether 
he  can  make  the  drawings  and  estimates  on  the  terms  mentioned,  and 
when  they  will  be  furnished.     (Letter-book  Xo.  104.) 

The  Board  then  mljourned  to  meet  the  9th  instant,  at  11  o'clock  a.  ni. 


Army  Building, 
yew  YorJ:  City^  August  9,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proi'eedings  of  the  5th  instant  were  then  read. 

A  letter  from  .Mr.  Cr.  W.  Turner,  of  Okolona,  Miss.  (L.  R.  No.  13i>), 
transmitted  to  the  Boartl  by  the  Chief  of  Oninance,  was  reatl,  and,  after 
consideration  of  the  model  and  description,  the  recorder  was  directed  to 
inform  Mr.  Turner  that  his  projectile  is  not  reganled  as  suitable  for  use 
with  guns  of  large  caliber,  and  that  the  subject  of  port-fires  is  not  within 
the  scope  of  the  Boanl's  investigations.     (liCtter  book  Xo.  111.) 
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A  letter  from  Dr.  J.  H.  McLean,  of  Saint  Louis,  Mo.  (L.  E.  Fo.  133), 
stating  that  he  had  made  arrangements  with  the  South  Boston  L*on 
Company  to  receive  the  model  and  drawings  of  his  100-ton  gun,  was 
read  and  filed. 

The  recorder  was  directed  to  inform  Dr.  McLean  that  the  Board  would 
prohably  visit  the  South  Boston  Foundry  some  time  in  October,  and 
would  then  examine  his  model,  &c.    (Letter-book  No.  117.) 

A  letter  from  Mr.  J.  W.  Blake,  of  Marshall,  Minn.  (L.  li.  No.  135), 
asking  how  long  the  Board  would  be  in  session,  was  read  and  filed. 

The  recorder  was  directed  to  inform  Mr.  Blake  that  the  Board  will 
adjourn  to-day,  to  meet  again  the  5th  of  October,  in  this  city.  (Letter- 
book  No.  118.) 

Letters  firom  Mr.  J.  W.  Blake,  of  Marshall,  Minn.  (L.  E.  No.  134); 
from  Mr.  F.  A.  Dennett,  of  Boston,  Mass.  (L.  R.  No.  136);  and  from 
Mr.  Jos.  Bolt,  of  Trexler,  Pa.  (L.  R.  No.  139),  giving  directions* as  to 
the  disposition  of  their  drawings  and  papers,  were  read  and  filed.  (Let- 
ter-book Nos.  119,  120, 112.) 

Mr.  A.  H.  Emery,  of  New  York,  then  addressed  the  Board  in  regard 
to  the  drawings  to  be  made  by  him,  and  accepted  the  proposition  of  the 
Board.     (L.  K.  No.  137.) 

A  list  giving  the  ten  systems  of  gun  construction,  of  which  drawings 
were  to  1^  roa^e,  was  given  Mr.  Emery.    (Letter-book  No.  108.) 

The  Board  then  adjourned,  to  meet  the  5th  of  October. 


Abmy  Building, 
New  York  City,  October  5, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11.15  o'clock  a.  m. 

Present:  All  the  members,  except  Col.  J.  G.  Benton,  deceased.  The 
recorder  also  present. 

The  original  order  convening  the  Board  was  then  read,  and  also  the 
following  order: 

[Special  Orders,  No.  220.] 

Headquarters  of  the  Army, 

Adjutant-Gexbral^s  Office, 

Washington,  September  29,  1681, 
rSxtract.] 


2.  By  direction  of  the  President,  Maj.  F.  H.  Parker,  Ordnance  Department,  is  detailed 
M  a  member  of  the  Board  on  Heavy  Ordnance,  convened  by  Qeneral  Orders,  No.  48, 
May  16, 1881,  from  this  office,  and  will  report  for  dnty  accordingly. 


By  command  of  General  Sherman. 


Official : 
H.  C.  CORBIN, 

Assistant  Adjutant- General, 


CHAUNCEY  McKEETER, 

Acting  Adjutant- General. 


The  proceedings  of  August  9  were  then  read. 

The  following  letters,  received  during  the  adjournment  of  the  Board, 
were  read  and  filed,  viz: 

From  the  Chief  of  Ordnance  (L.  E.  No.  140),  in  reply  to  the  Board's 
letter  of  August  4. 

From  Mr.  H.  F.  Mann,  of  Pittsburg,  Pa.  (L.  R.  No.  143),  stating  that 
he  would  appear  before  the  Board  on  its  reassembling. 

From  the  Chief  of  Ordnance  (L.  R.  No.  145),  stating  that  Colonel  Bay- 
lor had  been  given  instructions  to  make  the  necessary  arrangements 
for  the  trial,  by  the  Board,  of  the  Woodbridge  10-inch  Si.  L.  rile. 
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From  Mr.  H.  Caudwell,  of  Warborough,  England  (L.  E.  Xo.  148),  ask- 
ing that  his  previous  papers  be  reconsidered. 

From  Dr.  J.  H.  McLean,  of  Saint  Louis,  Mo.  (L.  K.  Nos.  149, 153,  and 
160),  stating  that  the  drawings  of  his  100- ton  gun  (Hercules)  and 
working  model  of  a  gun  built  on  his  system  are  at  the  South  Boston  Iron 
Foundry  for  the  insi)ection  of  the  Board,  and  desiring  to  be  informed 
when  the  Board  visits  that  place. 

From  the  Chief  of  Ordnance  (L.  R.  No.  155),  stating  that  certain  books 
containing  information  asked  for  in  the  Board  letter  of  August  10,  now 
at  the  Xew  York  Agency,  are  placed  temporarily  at  the  disposal  of  the 
Board. 

From  Mr.  George  Walker,  consul-general  at  Paris,  France  (L.  R,  No. 
159),  transmitting  certain  information  in  reference  to  heavy  ordnance 
of  France. 

From  Mr.  H.  Caudwell,  of  Warborough,  England  (L.  R.  No.  162),  in 
reference  to  his  former  communications. 

Letters  from  Mr.  J.  Reese,  of  Pitts'burgh,  Pa.  (L.  R.  No.  138),  and  from 
Mr.  W.  W.  Uubbell,  of  Philadelphia,  Pa.  (L.  R.  No.  151),  were  read  and 
laid  aside  for  future  consideration. 

A  letter  from  Mr.  J.  Echols,  of  Lynchburg,  Va.  (L.  R.  Xo.  146),  sub- 
mitting a  plan  for  bursting  shells  containing  coal  gas,  was  read  and 
considered. 

The  recorder  was  directed  to  inform  Mr.  Echols  that  his  plan  for  burst- 
ing shell,  not  being  deemed  a.s  pood  as  the  means  at  present  employed, 
is  not  recommended  for  actual  test.     (Letter-book  'So.  160.) 

A  letter  from  Mr.  W.  Davis,  of  Enfield  Wash,  England  (L.  R.  No.  156), 
relative  to  the  model  of  his  pnvjectile,  was  read  and  fileil.  (Letter- book 
No.  161.) 

A  letter  from  Lieut.  Col.  S.  Crispin,  Ordnance  Department  (L.  R.  No. 
144),  inclosing  blue  prints  of  the  plan  of  gun  construction  adopted  by 
the  Ordnance  Department  for  the  four  12-inch  rifles,  and  several  modi- 
fications of  the  same,  with  general  remarks  regarding  each  plan,  &c., 
transmitted  to  the  Board  by  the  Chief  of  Ordnance,  was  then  read  and 
laid  aside  for  future  consideration. 

Letter  from  the  Chief  of  Ordnance  (L.  R.  No.  150),  transmitting 
Senate  Ex.  Doe.  No.  4  of  the  special  session,  and  a  report  by  Capt.  C. 
S.  Smith,  Ordnance  Department,  as  requested  in  the  Board  letter  of 
August  4;  and  a  letter  from  Mr.  1).  Tufts,  of  Pittsburgh,  Pa.  (L.  R.  No. 
142),  transmitting  drawings  and  description  of  his  gun,  were  read  and 
laid  aside  for  future  consideration. 

Mr.  A.  n.  Emery  then  exhibited  seven  completed  drawings  of  gun 
construction,  &c.,  of  the  ten  to  be  prepared  by  direction  of  the  Board, 
and  addressed  the  Board  at  length  in  reference  thereto. 

The  Boanl  then  adjournal,  to  meet  the  6th  instant,  at  11  o'clock  a.  m. 


AB3IY  Building, 
Stw  York  City,  October  6, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  5th  instant  were  then  read. 

Mr.  J.  R.  Haskell,  of  New  York,  then  addressed  the  Board  at  length, 
in  reference  to  the  **Lvman-Haskell  accelerating  or  multi-charge''  gun. 
(L.  R.  No.  164.) 

The  Board  then  adjourned,  to  meet  the  7th  instant,  at  11  o'clock  a.  m. 
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Army  Building, 
New  York  Cityj  October  7, 1881. 

The  Board  met,  pursuant  to  adjourumeut,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  6th  instant  were  then  read. 

A  letter  from  Lieut.  A.  H.  Eussell,  Ordnance  Department  (L.  R.  No. 
166),  stating  that  he  had  forwarded  to  the  Board  a  model  of  a  loading 
pan  for  use  with  the  French  system  of  fermeture,  and  offering  to  furnish 
drawings,  was  read  and  filed. 

The  recorder  was  directed  to  request  Lieutenant  Eussell  to  furnish 
the  drawings.    (Letter-book  No.  165.) 

After  discussion,  the  Board  adjourned,  to  meet  the  11th  instant,  at 
Sandy  Hook  proving  ground,  New  Jersey. 


Sandy  Hook,  N.  J., 

Octofter  11, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  4.30  o'clock  p.  m. 

Present:  General  Getty,  Major  Parker,  and  the  recorder. 

Absent:  Colonel  Tower,  Lieutenant-Colonel  BufQngton,  and  Major 
Mendenhall;  by  authority  of  the  Board. 

A  programme  for  the  firing  of  the  Woodbridge  10-inch  M.  L.  rifled 
gun  having  been  agreed  upon,  the  Board  adjourned,  to  meet  the  12th 
instant. 

Sandy  Hook,  N.  J., 

October  12, 1881. 

The  Board  met,  pursuant  to  adjournment. 

Present:  General  Getty,  Major  Parker,  ^lajor  Mendenhall,  and  the 
recorder. 

Absent:  Colonel  Tower,  and  Lieutenant-Colonel  Buffington;  by  au- 
thority of  the  Board. 

The  firing  of  the  Woodbridge  gun  was  commenced,  and,  fifteen  rounds 
having  been  fired,  the  Board  adjourned,  to  meet  the  13th  instant.  Vi  ^  h 


Sandy  Hook,  K  J., 

October  13, 1881. 

The  Board  met,  pursuant  to  adjournment. 

Present:  General  Getty,  Major  Parker,  Major  Mendenhall,  andj^^the 
recorder.  xv      \ 

Absent:  Colonel  Tower  and  LieutenentColonel  Buffington;  by  au- 
thority of  tlie  Board. 

Thefiringof  the  Woodbridge  gun  was  continued,  and  twenty  rounds 
having  been  fired,  the  Board  adjourned,  to  meet  the  14th  instant. 


Sandy  Hook,  N.  J., 

October  14,  1881. 

The  Board  met,  pursuant  to  adjournment. 

Present:  General  Getty,  Colonel  Tower,  Major  Parker,  Major  Men- 
denhal],  and  the  recorder. 

Absent:  Lieutenant-Colonel  Buffington ;  by  authority  of  the  Board. 

The  firing  of  the  Woodbridge  gun  was  continued,  and,  twenty  rounds 
having  been  fired,  thvt  Board  adjourned,  to  meet  the  l.jtii  instnnt. 
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Sandy  Hook,  N.  J., 

October  15,  1881. 

The  Board  met,  parsuant  to  acyournment. 

Present:  General  Ctetty,  Major  Mendenhall,  and  the  recorder. 

Absent:  Colonel  Tower,  Lientenant-Colonel  Bnffington,  and  Major 
Parker:  by  authority  of  the  Bo£urd. 

The  nring  of  the  Woodbridge  gun  was  continued,  and,  thirteen  rounds 
having  been  fired,  the  Board  adjourned,  to  meet  the  17th  instant. 


Sandy  Hook,  N.  J., 

October  17, 1881. 

The  Board  met,  pursuant  to  adjournment. 

Present:  General  G^tty,  Major  Parker,  Major  Mendenhall,  and  the 
recorder. 

Absent:  Colonel  Tower  and  Lieutenant-Colonel  Buffington;  by  au- 
thority of  the  Boiurd. 

The  firing  of  the  Woodbridge  gun  was  continued,  and  seven  rounds 
having  been  fired,  the  Board  adjourned,  to  meet  the  18th  instant. 


Sandy  Hook,  N.  J., 

October  18,  1881. 

The  Board  met,  pursuant  to  adjournment. 

Present:  G^enerai  Getty,  Colonel  Tower,  Major  Parker,  Major  Men- 
denhall, and  the  recorder. 

Absent:  Lieutenant-Colonel  Buffington;  by  authority  of  the  Board. 

The  firing  of  the  Woodbridge  gun  was  continued. 

Eight  rounds  having  been  fir^,  the  gun  burst — a  total  of  ninety- 
three  rounds — ten  at  Frankford  Arsensd,  and  eighty-three  at  Sandy 
Hook,  under  the  supervision  of  the  Board. 

The  record  of  firing,  with  notes,  is  appended  to  the  record,  marked  "A." 
»4The  Board  then  adjourned,  to  meet  in  New  York  City  at  11  o'clock  a. 
m.  on  the  20th  instant. 


Army  Building, 
Xew  York  City,  October  20, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11.20  o^clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  Board  then  proceeded  to  the  consideration  of  its  correspondence, 
and  the  following  letters  were  read  and  laid  aside  for  future  considera- 
tion, viz : 

From  Lieut.  A.  H.  Eussell,  Ordnance  Department,  U.  S.  A.  (L.  K. 
No.  182),  inclosing  description  and  drawing  of  his  loading  pan  for  use 
with  the  interrupted  screw  system  of  breech  fermeture,  as  requested  by 
the  Board,  in  letter  of  the  7th  instant. 

From  ]Mr.  S.  B.  Dean,  of  Boston,  Mass.  (L.  R.  No.  173),  submitting 
model  and  drawing  with  further  description  of  his  steel  gun.  (Filed 
with  previous  papers.) 

From  Mr.  W.  P.  Hunt,  of  Boston,  Mass.  (L.  R.  No.  174),  submitting 
copies  of  a  letter  explaining  his  views  on  gun  construction,  with  draw- 
ings. 

A  letter  from  General  L.  Richmond,  United  States  consul  at  Rome, 
Italy  (L.  R.  No.  176),  transmitting  copies  of  "L'ltalia  Militare,"  contain- 
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ing  an  article  on  the  gun  constraction  of  Italy,  was  read  and  filed  for 
xef ei^i  ice 

A  letter  from  Mr.  D.  M.  Meflford,  of  Toledo,  Ohio  (L.  E.  No.  172),  sab* 
mitting  a  system  of  gun  constraction. 

Bead  and  laid  aside  to  wait  fartlier  commanication  from  Mr.  Mefford, 
^  A  letter  from  Mr.  F.  G.  Smiuk,  of  Beading,  Pa.  (L.  E.  No.  177),  in- 
viting the  Board  to  witness  the  casting  of  the  Lyman-Haskell  gnn,  on 
October  24,  1881. 

Bead,  and  Mr.  Haskell,  who  appeared  before  the  Board  to  urge  the 
^acceptance  of  the  invitation,  was  informed  verbally  that  the  Board  could 
not  accept. 

A  letter  from  Mr.  F.  M.  Shields,  of  Coop  wood,  Miss.  (L.  E.  No.  169), 
submitting  plan,  specification,  and  description  of  his  'Mife-preserving 
rolling  ship,"  was  read,  and  the  recorder  directed  to  inform  Mr.  Shields 
that  the  consideration  of  this  matter  does  not  come  within  the  scope  of 
the  Board's  investigations,  which  are  confined  strictly  to  inventions  of 
heavy  ordnance  and  projectiles.    (Letter-book  No.  176.) 

A  letter  from  Mr.  Wm.  A.  Harding,  of  New  York  City  (L.  E.  No.  176), 
submitting  model  and  letters  patent  of  Mr.  Wm.  Van  Gieson's  projectile 
for  rifled  ordnance,  was  read,  the  model  and  description  examined,  and 
the  following  resolution  unanimously  adopted: 

That  the  Board  having  examined  the  model  and  letters  patent  of  a 
projectile  for  rifled  cannon,  submitted  by  Mr.  Harding  for  Mr.  Van  Gie- 
8on,  is  of  the  opinion  that  the  projectile  is  not  as  good  as  those  ahready 
an  use.    It  does  not  therefore  recommend  it  for  actual  test. 

Mr.  Harding  so  informed.    fLetter-book  No.  177.) 

One  of  the  members  of  the  Board  being  under  orders  to  change  sta- 
tion, and  the  recorder  "having  been  ordered,  with  others,  to  appear  be- 
fore a  board  of  ordnance  officers  for  examination,  with  view  to  a  selec- 
tion for  transfer  to  the  Ordnance  Department,  the  Board  then  ad- 
journed, to  meet  the  16th  of  November. 


Army  Building, 
New  York  City^  November  16,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

Mr.  H.  F.  Mann  then  presented  his  system  of  gun  construction  to  the 
Board,  the  argument  in  favor  of  its  test  being  made  by  Professor  Thur- 
ston, his  attorney.  Models,  plans,  and  speciflcations  withdrawn  for  a 
few  days  by  Mr.  Mann  to  enable  him  to  print  the  argument  and  present 
the  matter  complete. 

The  pi:oceedings  of  October  20  were  then  read,  and  the  Board  pro- 
ceeded to  the  consideration  of  its  correspondence,  as  follows : 

Copies  of  the  letter  written  by  the  president  of  the  Board  to  the  Ad- 
jutant-General of  the  Army,  asking  that  steps  be  taken  to  obtain  through 
the  State  Department  information  in  regard  to  recent  French  and  Ital- 
ian gun  constructions,  were  then  read.    (Letter-book  Nos.  179  and  180.) 

A  letter  from  the  Adjutant-General  of  the  Army  (L.  B.  No.  195), 
furnishing  copies  of  lettev  of  the  honorable  the  Secretary  of  War  and 
reply  of  the  honorable  the  Secretary  of  State,  relative  to  information 
regarding  heavy  ordnance  of  France,  was  read  and  filed. 

A  letter  with  plans  from  Paulding,  Kemble  &  Co.,  Cold  Spring,  N. 
Y.  (L.  B.  No.  194),  submitting  ideas  in  gun  construction,  and  asking  con- 
sideration of  the  improved  Parrott  projectile,  was  read  and  laid  aside  for 
future  action. 

The  Board  then  adjourned,  to  meet  the  17th  instant,  at  11  o'clock  a.  m. 

12  OBD 
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Akxy  BriLJ>n«6« 

Xnr  York  City,  yorember  17,  1881. 

The  Beard  met  pursaant  to  adjoonuDent,  at  11  o'clock  a.  m. 

Preseut:  All  the  members  and  the  recorder. 

The  pToeeediDgs  of  the  16th  infant  were  then  read,  and  the  Boanl 
proceeded  to  the  consideration  of  the  business  before  it.  ^ 

A  letter  from  Mr.  H.  F.  Mann.cf  Pittsburgh,  Pa,  (L.  R  Xo.  196),  ask- 
ing vhether  his  >>.4-inch  gun  is  before  the  Boanl,  was  read,  and  the  re- 
corder directed  to  reply  that  it  is.     :  Letter  book  ^o.  187.) 

A  letter  from  Dr.  W.  E.  Woodbridge  (L.  R.  19^  .  asking  that  speci- 
mens for  examination  and  test  be  cut  from  his  gun,  and  giving  reasons 
therefor,  was  read,  and  the  recorder  directed  to  ask  Dr.  Woodbridge  to 
furnish  an  estimate  of  the  cost  of  the  work.    (Letter  book  No.  189.) 

A  letter  from  Mr.  Hugh  Reilly,  of  New  York  ^L.  R.  No.  197),  submit- 
ting models  of  his  inventions  of  cartridge-bags^  projectiles,  and  plan  for 
rifling  cannon,  with  letters  patent  in  each  case,  and  argument  in  foTor 
of  their  ado}>tion,  was  then  read ;  and,  afrer  consideration,  the  follow- 
ing resolution  was  unanimonsl j  adopt^ : 

That  the  Board,  having  carefully  examined  the  several  inventions  of 
Mr.  Hagfa  Beilly,  is  of  the  opini<m  that  his  projectile  is  not  any  better 
if  so  good  as  those  already  in  use,  and,  as  it  is  composed  of  sereral  parts, 
it  wo^d  not  be  effective  against  armor.  The  subject  of  cartridge-bags 
ia  not  within  the  scope  of  its  investigations.  The  question  of  i^Ung  is 
ODe  it  is  not  called  upon  to  decide^  and  could  not  do  so  without  a  seriea 
of  experiments  entirely  beyond  its  means,  and  which  can  only  be  nn- 
dertaken  bv  a  special  board. 

Mr.  Beilly  so  informed*    (Letter-book  No.  185.) 

The  following  resolution  was  then  adopted  nnanimoosly : 

B€9oired^  That  the  Board  now  take  up  for  final  discussion  and  dispo- 
sition, and  in  the  order  in  which  set  aside  for  future  consideration,  each 
project  or  invention  now  before  it. 

The  propositions  of  Mr.  J.  Beese,  of  Pittsburgh,  Pa.  (L.  B.Nos.  25, 26, 
42,  and  158),  were  then  taken  up  for  final  consideration,  and  the  follow- 
ing resolution  unanimously  adopted : 

That  Mr.  Beese  has  not  presented  to  this  Board  any  drawing  exhibit- 
ing  a  plan  for  a  gun.  He  recommends  for  gun  construction  steel  made 
by  the  Basic  in  contradistinction  to  the  a«id  process.  His  method,  as  de- 
scribed in  a  general  way  in  his  papers,  consists  in  pouring  molten  Besse- 
mer or  other  steel  around  a  hammered  steel  core  14  inches  in  diamet^*  for 
a  12-inch  gun  nntil  the  mold,  giving  its  form*,  is  filled.  After  cooling, 
the  piece  is  bored.  It  will  thus  be  seen  that  Mr.  Reese's  proposition  ia 
to  make  a  cast-steel  giin,  which  does  not  meet  the  approval  of  this  Board. 

The  plans  proposed  by  Mr.  W,  W.  Hnbbell  (L.  B,  Nos.  41, 102,  and 
151)  were  then  taken  up  for  final  consideration,  and  the  following  reso- 
lution unanimously  adopted : 

That  Mr.  HubbelFs  plan  of  a  breech  fermeture,  described  in  his  letters 
patent  and  accompanying  pai>ers^  is  not  regarded  as  equal  to  the  two 
systems  now  in  use.  He  pro|)oses,  for  gun  construction,  cast  iron  pro- 
duced by  some  process  which,  in  his  opinion,  gives  it  greater  tensile 
strength,  but  on  this  point  this  Board  has  no  information.  His  plan  for 
a  gun  is  so  indefinite,  it  is  presumed  it  is  only  intended  to  show  the  fer- 
meture. In  fact,  the  Board  has  not  before  it  any  plan  frt>m  Mr.  Hubbell 
for  a  gun  of  suitable  form  and  dimensions  to  be  recommended  for  con- 
struction ;  and  without  further  knowledge  of  his  metal,  it  must  be  looked 
upon  as  cast  iron. 

The  Ferris  system  of  gua  construction,  submitted  by  Mr.  C.  Dunder^ 
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dale,  of  New  York  City  (L.  R.  Nos.  28,  79,  89,  and  109),  was  taken  up 
for  final  consideration,  and  the  following  resolution  was  unanimonsly 
adopted :  ^ 

That  the  Board  is  of  the  opinion  that  the  Ferris  system  of  gun  con- 
struction does  not  present  any  special  advantages  or  improvements,  and 
in  consequence  it  does  not  recommend  it  for  actaal  test. 

The  plans  for  a  gun  submitted  tp  this  Board  by  Mr.  S.  B.  Dean,  of 
Boston,  Mass.  (L.  R.  Nos.,75  and  173),  with  his  drawing  and  explana- 
tions, were  then  taken  up  and  discussed,  and  the  following  action  taken 
thereon: 

In  his  letters  Mr.  Dean  does  not  propose  to  construct  a  gun,  but 
Tather  recommends  that  one  be  constructed  by  the  government,  of  cast 
8teel  prepared  after  the  Terre  Noire  method.  It  is  understood  that  in 
this  process  the  steel  after  being  cast  is  auneale<],  which  is  supposed  to 
produce  a  similar  efifect  to  rolling  or  hammering.  The  Terre  Noire  steel 
thus  made  has  been  found  excellent  for  [)rojectiles,  but  the  Board  has 
BO  knowledge  of  it«  suitableness  when  cast  in  the  large  masses  required 
for  guns  of  50  tons  and  upwards.  Until  more  is  known  of  this  metal 
by  test  the  Board  does  not  recommend  it  for  gun  construction.  The 
Board  is  of  the  opinion  that  Mr.  Dean's  plan  of  breech  fermeture  does 
not  present  any  advantages  over  those  now  in  use,  and  therefore  it  is 
not  recommended  for  actual  test. 

The  Board  then  adjourned  to  meet  the  18th  instant,  at  11  o'clock 
a.  m. 


Army  Building, 
Neio  York  City^  November  18, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  17th  instant  were  then  read. 

Mr.  Robert  Woodward  personally  presented  a  drawing  of  a  segment 
shell  for  field  artillery,  but,  on  being  informed  by  the  Board  that  the 
subject  was  not  within  the  scope  of  its  investigations,  withdrew.      ^  m  ■ 

The  proposition  of  Col.  T.  T.  S.  Laidley,  Ordnance  Department  (L.  R. 
No.  87),  that  a  cast-iron  rifled  gun  be  tested,  and  the  letter  of  Mr.  Wm. 
Hunt,  on  the  ''  construction  of  ordnance"  (L.  R.  No.  174),  both  advo- 
cating the  best  cast  iron  as  a  material  for  gun  construction,  were  then 
taken  up  for  final  consideration,  and,  after  discussion,  the  following  res- 
olution was  proposed : 

That  the  Board  select  from  the  various  projects  before  it  of  cast-iron 
guns,  pure  and  simple,  one  that  fairly  represents  the  whole,  and  recom- 
mend a  12-inch  gun  for  construction  and  trial. 

The  resolution  was  not  adopted. 

Noes, — Major  Mendenhall,  Colonel  Tower,  and  Oeneral  Getty — 3. 

Ayes, — ^Major  Parker  and  Lieutenant-Colonel  Buffington — 2. 

Lieutenant-Colonel  Buffington  and  Major  Parker  gave  the  following 
reasons  for  their  votes: 

1st.  The  experiment  would  not  be  costly,  and  there  are  improved 
methods  of  casting  claimed  to  remove  certain  weaknesses  inseparable 
from  cast-iron  guns. 

2d.  Powders  and  projectiles  have  been  improved  to  give  more  uniform 
results  and  less  destructive  effects  on  guns. 

3d.  It  is  only  by  actual  test  of  a  large  gun  under  these  improved  con- 
ditions that  the  suitability  of  cast  iron  for  heavy  ordnance  can  be  known 
and  its  comparative  merits  with  other  metals  and  systems  of  gun  con- 
struction determined. 
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4th.  The  trial  of  a  cafit-iron  gun,  pure  and  simple,  may  fnrnish  asefiil 
information  in  regard  to  cast  iron  in  coipbination  with  other  metals. 

After  further  discussion  of  this  subject  the  Board  adjourned  to  meet 
the  21st  iustant.  at  11  o^elock  a.  m. 


Army  Building, 
New  York  City,  November  21  j  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  18th  iustant  were  then  read. 

The  discussion  of  the  subject  of  cast-iron  rifled  guns  was  continued. 

As  requested  by  Mr.  H.  F.  Mann,  in  his  letter  of  the  9th  instant  (L.  B. 
No.  193),  the  Board  obtained  from  the  Ordnance  Board  a  copy  of  his 
letter  of  June  21,  1878,  and  the  indorsement  of  the  Ordnance  Board 
thereon.    (L.  E.  No.  203.; 

Bead  and  filed. 

A  letter  from  Mr.  G.  Leverich,  of  South  Orange,  N.  J.  (L.  R.  No.  199), 
asking  whether  the  12-iuch  Thompson  rifle  would  be  tested,  and  protest- 
ing against  any  changes  in  the  present  breech  mechanism,  was  read,  and 
the  recorder  direi*-ted  to  inform  Mr.  Leverich  that  the  Board  has  not 
taken  up  the  gun  for  consideration,  and  should  it  be  decided  to  try  the 
gun,  he  will  be  informed  of  the  fact.    (Letter-book  No.  191.) 

A  letter  from  Mr.  W.  T.  Arrick,  attorney,  Washington,  D.  C.  (L.  R. 
No.  200),  submitting  letters  patent  of  the  *' Eureka^  projectile  for  the 
consideration  of  the  Board,  was  read;  and,  after  careful  consideration, 
the  following  resolution  was  unanimously  adopted: 

Though  the  Arrick  or  "Eureka^  projectile  has  been  extensively  tried, 
still  there  can  be  no  objection  to  its  further  trial  in  competition  with 
other  projectiles. 

A  letter  from  Capt.  W.  S.  Starring,  Ordnance  Department,  XT.  S.  A. 
(L.  K.  No.  202),  transmitting  photographs  showing  end  views  of  rupture 
of  the  Wooiibridge  10-inch  rifle,  was  read  and  filed. 

A  letter  from  Dr.  W.  E.  Wooiibridge  (L.  R.  No.  201),  in  answer  to  the 
Board  letter  of  the  18th  instant,  stating  how  he  desires  his  gun  cut  up, 
and  giving  estimate  of  cost  of  the  work,  was  read  and  filed. 

Mr.  A.  H.  Emery,  of  New  York,  then  addressed  the  Board,  explaining 
the  drawings  of  systems  of  gun  construction  ordered  from  him. 

The  Boanl  then  a<Uourned  to  meet  the  22d  instant  at  11  o'clock  a.  m* 


Army  Building, 
New  York  City^  November  22y  1881. 

The  Board  met^  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  21st  instant  were  then  read. 

A  letter  from  Mr.  H.  F.  Mann  (L.  R.  No.  204),  requesting  that  he  be 
informed  if  any  tests  of  his  8.4-inch  gun  are  to  be  made,  was  read  and 
filed. 

The  plan  of  a  breech-loaaing  gun  submitted  by  Mr.  D.  Tufts,  of  Pitts- 
burgh, Pa.  (L.  B  No.  142),  was  then  taken  up  for  final  consideration^ 
and  the  following  resolution  was  unanimously  adopted : 

That  the  Board  is  of  the  opinion  that  Mr.  Tuft's  system  of  breech 
mechanism  possesses  no  advantages  over,  if  it  is  equal  to,  those  alread7 
in  use,  which  have  been  thoroughly  tried,  and  therefore  does  not  recom- 
mend it  for  actual  test. 
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The  projectile  presented  by  Mr.  Clinton  Eoosevelt  (L.  R.  No.  129), 
was  then  taken  up  for  final  consideration,  and  the  following  resolution 
unanimously  adopted : 

That  the  projectile  presented  by  Mr.  Eoosevelt,  intended  to  be  fired 
firom  a  smooth  bore  gun,  and  to  attain  rotary  motion  by  the  action  of 
the  atmosphere  on  rsulial  wings  or  flanges,  does  not  present  sufficient 
merit  to  warrant  the  Board  in  recommending  it  for  actual  test. 

The  plans  of  gun  constructiou  and  conversion  presented  by  Mr.  B.  B. 
Moffatt,of  Brooltlyn,  N.  Y.  (L.  E.  No.  126),  were  then  taken  up  for  final 
consideration,  and  the  following  resolution  unanimously  adopted: 

That  the  Board  is  of  the  opinion  that  the  plan  of  gun  construction  and 
conversion  submitted  by  Mr.  E.  E.  Moffatt  does  not  present  any  advan- 
tages over  methods  now  in  use,  and  the  Board  does  not,  therefore^ 
recommend  it  for  actual  test. 

The  plans  of  gun  construction,  including  that  of  the  proposed  12-lncli 
B.  L.  rifles,  submitted  by  Oapt.  C.  S.  Smith,  Ordnance  Department  (L, 
R.  No.  67),  and  by  Col.  S.  Crispin,  Ordnance  Department  (L.  E.  No.  144), 
were  taken  up  for  consideration,  but  laid  aside  for  future  action. 

The  plan  of  a  loading  pan  proposed  by  Lieut.  A.  H.  Eussell,  Ordnance 
Department  (L.  E.  Nos.  166  and  182),  was  taken  up  for  final  considera- 
tion, and  the  following  resolution  was  unanimously  adopted: 

That  the  Board  recommends,  in  the  test  of  any  piece  of  B.  L.  ordnance 
with  a  fermeture  to  which  it  can  be  applied,  that  a  device  of  the  kind 
proposed  by  Lieutenant  Eussell,  Ordnance  Department,  be  tried. 

Mr.  Norman  Wiard's  plans,  specifications,  correspondence,  &c.,  in 
relation  to  sea-coast  fortifications  and  heavy  guns  (L.  E.  No.  103),  were 
.  taken  up  for  consideration,  but  laid  aside  until  the  next  meeting  of  the 
Board. 

The  plans  of  gun  construction,  projectile,  fuze,  and  carriage  submitted 
by  Master  S.  Seabury,  United  States  Navy  (L.  E.  Nos.  1 10  and  121),  were 
taken  up  for  consideration,  but  laid  aside  for  future  action. 

The  plan  of  gun  construction  proposed  by  Mr.  J.  E.  Haskell,  of  New 
York  City  (L.  E.  Nos.  40,  114,  and  164),  with  the  accompanying  draw- 
ings and  descriptions,  was  then  taken  up  for  final  consideration,  and 
the  following  resolution  was  unanimously  adopted: 

That  the  Boai*d  recommends  that  the  Lyn^n-Haskell  accelerating  or 
nolticharge  gun,  recently  cast  at  Eteading,  Pa.,  be  transported  to  Sandy 
Hook,  and  thoroughly  tested  under  the  direction  of  the  War  Department, 
at  the  expense  of  the  United  States,  as  proposed  by  Mr.  Haskell  in  his 
communication  of  October  5, 1881. 

The  Board  then  adjourned  to  meet  the  23d  instant  at  11  o^elock  a.  m. 


Army  Building, 
New  York  City,  November  23, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  23d  instant  were  then  read. 

Mr.  Norman  Wiard's  plans,  specifications,  correspondence,  &c.,  in  re- 
lation to  sea-coast  fortifications  and  heavy  guns  (L.  E.  No.  103),  were 
taken  up,  and,  after  careful  consideration,  were  laid  aside,  to  be  acted 
upon  at  the  next  meeting  of  the  Board. 

The  plans,  specifications,  estimates,  &c.,  presented  by  Mr.  H.  F.  Mann 
(L.  E.  No.  205),  were  then  taken  up,  and,  after  careful  consideration, 
were  laid  aside  for  future  action. 

The  Board  then  adjourned  to  meet  the  23th  instant  at  11  o'clock  a.  m. 
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Army  Building, 
New  Toric  City,  November  28, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  23d  instant  were  then  read. 

Mr.  Norman  Wiard's  plans,  specifications,  correspondence,  &c.  (L, 
B.  No.  103),  were  then  taken  up  for  final  consideration,  and,  after  dis- 
cnssion,  the  following  resolution  was  unanimously  adopted : 

That,  as  the  Board  does  not  assent  to  the  argun^ents  of  Mr.  N«rman 
Wiard,  as  set  forth  in  the  various  letters,  papers,  &c.,  accompanying 
his  proposals  of  July  1, 1880,  and  March  28, 1881,  referred  to  it  through 
the  Chief  of  Ordnance  by  the  Secretary  of  War,  in  indorsements  on 
letter  of  Mr.  Wiard  of  the  14th  of  May,  1881,  to  show  the  superiority 
and  expediency  of  adopting  his  plans  of  gun  conversion,  it  does  not 
recommend  the  acceptance  of  the  proposals. 

The  plans,  specifications,  estimates,  &c.,  presented  by  Mr.  H.  P. 
Mann  (L.  B.  No.  205)  were  tJien  taken  up,  carefully  considered  and  dis- 
cussed, and  laid  aside  for  future  action. 

The  Board  then  adjourned  to  meet  at  Sandy  Hook,  N.  J.,  the  29th 
instant. 


Sandy  Hook,  N.  J., 

November  29, 1881. 
The  Board  met,  pursuant  to  adjournment 
Present:  All  the  members  and  the  recorder. 

The  Board  then  examined  the  various  pieces  of  ordnance  at  this 
place,  after  which  it  adjourned,  to  meet  in  New  York  City  on  the  30th 
instant  at  11  o'clock  a.  m. 


Army  Building, 
New  York  Cityj  November  30, 188L 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  28th  and  29th  instants  were  then  read. 

The  plans,  specifications,  estimates,  &c,  presented  by  Mr.  H.  F.  Mann 
(L.  B.  No.  205)  were  taken  up  and  fully  discussed,  final  action  thereon 
being  deferred. 

The  plan  of  gun  construction,  projectile,  fuse,  and  carriage,  submitted 
by  Master  Samuel  Seabury,  U.  S.  N.  (L.  K.  Nos.  110  and  121),  and  the 
plans  of  gun  construction  and  projectile  submitted  by  Paulding,  Kemble 
&  Co.,  of  Cold  Spring,  N.  Y.  (L.  E.  No.  194),  were  considered,  bat. 
without  action,  the  Board  adjourned,  to  meet  the  1st  proximo,  at  II 
o'clock  a.  m. 


Army  Building, 
New  York  City^  December  1, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  30th  ultimo  were  then  read. 

The  plans  of  gun  construction,  projectile,  fuse^  and  carriage  submitted 
by  Master  Samuel  Seabury,  U.  S.  N.  (L.  R,  Nos.  110  and  121),  were  taken 
up  for  final  action,  and  the  following  resolution  unanimously  adopted: 

That  the  gun  construction  for  a  9-inch  gun,  submitted  by  Master 
Samuel  Seabury,  IT.  S.  N.,  is  objectionable  in  several  respect^  prinoi* 
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pally  in  the  fact  that  a  large  mass  of  steel  is  required  for  the  breech  re- 
eeiver,  which  would  be  difficult  to  make  and  difficult  to  work  sufficiently, 
particularly  in  this  country,  to  insure  that  homogeneity  necessary  for 
strength  in  that  part  of  the  construction  in  connection  with  his  special 
fermeture;  again,  the  breech  receiver  projects  unsupported  beyond  the 
body  of  the  gun,  and  is  thus  subjected  to  vibrations;  again,  the  breech 
mechanism  is  similar,  but  not  superior,  t«  the  Kmpp,  which  this  Board 
is  not  prepared  to  recommend.  For  these  reasons  it  is  not  recommended 
for  actual  test.  The  Board  is  of  the  opinion  that  the  particular  merit 
or  advantage  claimed  by  Master  Seabury  for  his  projectile  is  only  a 
matter  which  can  be  definitely  determined  by  actual  experiment,  which 
the  Board  is  not  in  a  position  to  undertake.  And  while  the  results  in 
Europe  of  the  use  of  copper  bauds  are  sufficiently  satisfactory,  the  de- 
tails of  the  number  of  bands,  their  size,  and  the  mode  of  attachment, 
a§  they  aifect  the  strength  and  ability  to  penetrate  iron  armor,  should, 
in  the  opinion  of  the  Board,  be  left  to  future  experiment.  And  it  is 
therefore  recommended  that  this  projectile  be  tried  by  the  Ordnance  De- 
partment, with  others,  when  circumstances  and  opportunity  are  favorable. 

The  subject  of  gun  carriages  and  fuses  is  not  within  the  scope  of  the 
Board's  investigations. 

The  plans  of  gun  construction,  including  that  of  the  proposed  12-inch 
B.  L.  rifles,  submitted  by  Col.  S.  Crispin,  Ordnance  Department  (L.  R. 
No.  144),  and  by  Capt.  C.  S.  Smith,  Ordnance'Departmont  (L.  R.  No.  67), 
were  taken  up,  carefully  considered,  and  laid  aside  for  future  action. 

The  plans  of  gun  construction  and  projectile  submitted  by  Paulding, 
Eemble  &  Co.,  of  Cold  Spring,  N.  Y.  (L.  R.  No.  194),  were  taken  up, 
carefully  considered,  and  laid  aside  temporarily,  to  allow  Mr.  A.  H.  Em- 
«ry,  of  New  York,  to  present  his  systems  of  gun  construction  to  the 
Board. 

Paulding,  Kemble  &  Co.'s  plans  were  then  further  discussed,  and  the 
folloHing  resolution  unanimously  adopted : 

That  Messrs.  Paulding,  Kemble  &  Co.'s  gun  construction,  as  explained 
in  their  printed  letter  and  accompanying  drawing,  No.  2,  has  merit  in 
common  with  like  combinations  involving  a  casMron  case  jacketed  and 
hooped  with  steel,  but  in  the  opinion  of  the  Board  the  wrought-iron 
lining-tube  is  objectionable.  The  arrangement  of  the  contiguous  parts 
in  connection  with  the  screw-breech  closure  is  a  good  one  to  secure 
strength  against  fracture  by  longitudinal  strains.  The  characteristic 
feature  of  this  gun  construction,  however,  seems  to  be  the  casting  of 
the  iron  case  in  two  pieces,  which  will  effect  a  great  saving,  provided  it 
prove  efficient  in  strength.  If  any  guns  are  made  after  this  general 
system  of  metal  combination  it  is  recommended  that  the  case  of  one  be 
<5ast  in  two  pieces  for  trial  to  test  its  strength.  Their  proposed  method 
of  improvement  upon  the  system  of  construction  presented  by  Colonel 
Orispin,  Ordnance  Department,  exhibited  in  drawing  No.  1,  simply  in- 
volves the  same  method  of  casting  the  case,  and  is  therefore  disposed 
4)f  by  the  above  action  of  the  Board. 

The  Board  then  adjourned,  to  meet  the  2d  instant,  at  11  o'clock  a.  m. 


Army  Building, 
New  York  Cityj  December  2, 1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  1st  instant  were  then  read. 

The  plans  of  gun  construction,  including  that  of  the  12-inch  B.  L* 
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rifles,  submitted  by  Col.  S.  Crispin,  Ordnance  Department  (L.  R.  No. 
144),  and  by  Capt.  C.  S.  Stoitb,  Ordnance  Department  (L.  R.  No.  67),. 
were  taken  up,  carefully  considered  and  discussed,  and  laid  aside,  to  be 
acted  upon  at  the  next  meeting  of  the  Board. 

The  plans  of  gun  construction  submitted  by  Mr.  A.  H.  Emery  were 
then  taken  up,  carefully  considered  and  discussed,  but,  without  action^ 
the  Board  adjourned,  to  meet  the  5th  instant,  at  11  o'clock  a.  m. 


Army  Building, 
Ifew  Yorlc  Cityj  December  5,  1881 . 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clocl^a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  2d  instant  were  then  read. 

A  letter  from  Mr.  D.  M.  Mefford,  of  Toledo,  Ohio  (L.  R.  No.  207),. 
stating  that  he  would  appear  before  the  Board  about  December  10,  wa* 
read,  and  the  recorder  directed  to  request  Mr.  Meflbrd  to  delay  his  visit 
until  the  18th  of  January.     (Letter-book  196.) 

A  letter  from  Mr.  J.  R.  Haskell  (L.  R.  No.  209),  stating  that  he  would 
forward,  as  soon  as  completed,  the  estimates  asked  for  in  the  Board 
letter  of  the  28th  ultimo,  was  read  and  filed. 

A  letter  from  the  Ordnance  Board  to  the  Chief  of  Ordnance,  referred 
to  this  Board  by  that  oflQcer,  together  with  his  letter  to  the  Ordnance 
Board,  dated  November  16,  1881  (L.  R.  No.  210),  was  read  and  filed- 

A  letter  from  Dr.  J.  H.  McLean^  of  Saint  Louis,  Mo.  (L.  R.  No.  208), 
again  calling  attention  to  hisiuventions,  was  read,  and  the  recorder  di- 
rected to  request  Dr.  McLean  to  send  his  drawings  and  estimates  to^ 
this  office  by  the  10th  of  next  month,  that  they  may  be  examined.  (Let- 
ter-book No.  197.) 

Respecting  the  plans  of  gun  construction  submitted  by  Col.  S./3ris- 
pin  and  Capt.  C.  S.  Smith  through  the  Chief  of  Ordnance,  viz :  ^ 

Two  cast-iron  casings  with  steel  tube  and  breech  receiver — one  having 
an  interrupted  screw  fermeture,  the  other  a  round  wedge  fermeture ; 

Three  cast-iron  casings  with  steel  breech  receiver — two  with  inter- 
rupted screw,  and  one  with  round  wedge  fermeture ;  and 

Four  cast-iron  casings  with  wrought  iron  tube  and  steel  breech  re- 
ceiver— three  with  interrupted  screw  and  one  with  round  wedge  ferme- 
ture. 

Those  having  combinations  of  wrought  iron — particularly  coiled 
wrought  iron— as  alining  for  steel  breeching  and  cast-iron  casing  are,  in 
the  Board's  estimation,  objectionable.  Although  the  greater  part  of  the 
conversions  using  wrought  iron  as  alining  tube,  as  detailed  in  the  yearly 
reports  of  the  Chief  of  Ordnance,  have  given  in  small  guns  apparently 
good  and  encouraging  results,  it  is  on  the  whole,  considering  the  history 
of  all  the  guns  so  converted  and  constnicted,  including  the  ll-inch  and 
12.25  inch,  a  questionable  success.  But  in  so  expressing  itself  the  Board 
desires  it  to  be  distinctly  understood  that  it  does  not  overlook  the  fact 
that  in  the  small  guns  referred  to  com|)aratively  ineffective  smooth  bores 
have  been  converted  into  effective  rifles ;  deeming  it  simply  unwise  to 
continue  theuse  of  wrought  iron  tubes,  particularly  for  B.  L.  conversions, 
and  all  calibers  above  8-inch,  until  it  shall  have  been  shown  that  other 
conversions  and  constructions  are  not  what,  from  the  most  advanced 
views,  we  have  a  right  to  expect. 

Of  those  with  steel  breech  receivers,  with  and  without  steel  tubes^ 
those  having  the  round  wedge  fermeture  re<iuire  a  breech  receiver  so 
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massive  that  the  necessary  working  of  the  metal,  to  give  it  the  unifom^ 
strength  required  for  such  construction,  is  inrpracticable  in  this  country 
at  this  time;  it  being  the  opinion  of  the  Board  that  this  system  of  fer* 
metnre  requires,  to  compensate  for  the  cutting  away  of  so  much  metal^ 
a  highly  wrought  steel  of  homogeneous  structure,  the  difficulties  of  pro- 
ducing which  increase  very  rapidly  with  the  size  of  the  piece;  and  those 
with  the  interrupted  screw  fermeture,  the  breech  receiver  extending  be- 
yond the  casing,  lack  its  support,  and  may  for  that  reason *be  defective 
in  strength,  and  require,  like  those  with  the  wedge  fermeture,  a  highly 
wrought  and  large  piece  of  steel. 

Tlie  plans  of  gun  construction,  including  that  of  the  12-inch  B.  L. 
rifles,  submitted  by  Col.  S.  Crispin,  Ordnance  Department  (L.  R.  'No^ 
144),  and  by  Capt.  C.  8.  Smith,  Ordnance  Department  (L.  B.  Ko.  67)^ 
were  taken  up  for  final  action;  and.  after  consideration  and  discussion^ 
the  following  resolution  unanimously  adopted: 

Resolved^  In  view  of  the  objections  above  set  forth,  that  this  Board 
does  not  recommend  any  of  these  constructions  for  trial. 

Dr.  W.  E.  Woodbridge  then  addressed  the  Board  in  reference  to  the 
enttiug  up  of  his  gun,  to  obtain  specimens  for  test,  and  presented  the 
estimate  of  the  Delamater  Iron  Company  for  doing  the  work  required,. 
(L.  R.  No.  211.) 

The  matter  was  discussed  at  length,  and  laid  aside  for  future  action^ 

Mr.  A.  H.  Emery  then  presented  the  completed  drawings,  estimates^ 
&c.,  ordered  from  him. 

The  Board  then  adjourned  to  meet  the  6th  instant  at  11  o'clock  a.  m.. 


Army  Building, 
New  York  City;  December  6,  1881. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  5th  instant  were  then  read. 

The  question  of  cutting  up  the  Woodbridge  gun  was  discussed  at 
length,  and  the  following  resolution  unanimously  adopted: 

Resolved  J  That  the  two  parts  of  the  gun  be  cut  up  as  proposed  by  Dr.. 
Woodbridge,  in  order  to  reveal  its  interior  condition,  and  to  subject  it 
to  such  tests  as  will  furnish  information  needed  by  the  Board  to  come- 
to  a  more  definite  opinion  as  to  its  merits  and  demerits. 

As  the  wire-wrapped  and  brazed  lOinch  gun,  constructed  by  the  gov-, 
emment  under  the  direction  of  Dr.  Woodbridge,  the  proposer  of  the 
system,  and  subjected  to  test  by  this  Board  until  after  a  total  of  ninety- 
three  rounds,  the  last  under  the  high  pressure  of  74,400  pounds  per 
square  inch,  it  was  broken  crosswise  where  it  had  revealed  a  weakness 
at  the  third  round,  showed  a  tenacity  favorable  to  that  system  of  struc- 
ture, provided  the  manipulation  could  be  made  perfect;  in  view  of  the 
expense  already  incurred  in  making  the  gun,  and  its  exhibited  tenacity^ 
and  the  desire  to  learn  in  what  way  the  method  of  fabricating  it  has- 
failed  to  produce  a  perfect  brazing; 

The  following  resolution  was  unanimously  adopted: 

That  a  committee  of  the  Board,  to  consist  of  Col.  Z.  B.  Tower,  Lieut. 
Col.  A.  R.  Buffington,  Maj.  F.  H.  Parker,  Maj.  J.  Mendenhall,  and  the  . 
recorder,  meet  at  the  South  Boston  Iron  Company's  Works,  Boston^ 
Mass.,  Wednesday,  December  14,  1881,  at  11  o'clock  a.  m.,  to  make  an 
examination  of  the  plant  and  material  at  that  place,  and  also  visit  Wa- 
tertown  Arsenal,  Mass.,  to  examine  the  United  States  Testing  Machine^ 
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There  being  no  business  before  the  Board  npon  which  it  could  act 
immediately,  and  to  allow  time  for  farther  information  to  be  procured 
and  certain  preliminary  steps  to  be  taken,  the  Board  then  adjourned  to 
meet  the  18th  of  Jannary,  1882,  at  11  o'clock  a.  m. 


Boston,  Mass.,  December  14, 1881. 

The  committee  of  the  Board  met,  pursuant  to  resolution. 

Present:  Colonel  Tower,  Lieatenant-Golonel  Buffington,  Major  Par- 
ker. Major  Mendenhall,  and  the  recorder. 

The  committee  then  proceeded  to  examine  the  plant  and  material  at 
the  South  Boston  Iron  Company's  Works,  including  the  steel  breech- 
receivers  intended  for  the  four  124nch  B.  L.  rifles  contracted  for  by  thB 
Ordnance  Department,  and  the  preparations  made  for  casting  and  finish- 
ing those  guns. 

Dr.  Mclean  then  explainecl  his  system  of  gun  construction,  and  his 
model  and  drawings  were  examined. 

The  committee  then  proceeded  to  Watertown  Arsenal,  Massachusetta^ 
and  examined  the  United  States  Testing  Machine  at  that  place,  after 
which  it  adjourned  to  meet  in  New  York  City  on  January  18,  1882,  t^e 
<iay  for  the  reassembling  of  the  full  Board. 


Army  Building, 
New  York  City,  January  18,  1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  qaembers  and  the  recorder. 

The  proceedings  of  December  6  were  then  read. 

The  Board  then  proceeded  to  the  consideration  of  the  matter  pre- 
43ented  to  it  in  its  correspondence,  viz : 

A  letter  from  Mr.  £.  Drew,  of  Boston,  Mass.  (L.  B.  No.  222),  asking 
fbr  certain  information  in  regard  to  the  80-ton  English  gun,  and  whether 
any  improvement  in  the  metal  used  in  casting  heavy  cannon  which  he 
might  invent  would  be  profitable  to  him. 

The  recorder  was  directed  to  inform  Mr.  Drew  that  the  Board  was 
convened  to  examine  models,  plans,  &c.,  of  gun  constrnction  that  might 
be  presented  to  it,  and  can  give  no  opinions  upon  the  matter  referred 
to  in  his  letter.    ^Letter-book  No.  209.) 

A  letter  from  Mr.  J.  Beese,  of  Pittsburgh,  Pa.  (L.  B.  No.  221),  asking 
to  be  informed  of  the  action  of  the  Board  in  his  case. 

The  recorder  was  directed  to  inform  Mr.  Beese  that  the  opinions  of 
the  Board  can  only  be  made  known  through  the  War  Department  after 
its  report  has  been  made  to  the  Secretary  of  War  for  transmission  to 
Congress.    (Letter-book  No.  208.) 

A  letter  from  Mr.  F.  M.  Shields,  of  Ooopwood,  Miss.  (L.  R  No.  220), 
asking  that  his  papers  be  returned  (the  papers  referred  to  are  L.  B.  Na 
169,  acted  on  at  the  meeting  of  the  Board  October  20, 1881 — see  pagft 
177  of  proceedings  and  Letter-book  No.  176.) 

The  recorder  was  directed  to  return  the  papers  as  requested.  (Letter- 
book  No.  211.) 

•  A  letter  of  Mr.  F.  M.  Shields,  of  Coopwood,  Miss.,  referred  to  the 
Board  by  the  Chief  of  Ordnance  (L.  B.  No.  224),  saying  that  he  hail 
heard  nothing  from  the  specifications,  &c.,  of  his  ^'multi-gun''  forwarded 
to  the  Board. 
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The  letter  was  returned  to  tbe  Chief  of  Ordnance  with  the  remark 
that  no  project  such  as  described  in  the  letter  has  been  receive.  (Let- 
ter-book No.  210.) 

A  letter  from  Mr.  W.  P.  Hunt,  of  Boston,  Mass.  (L.  E.  No.  213),  sub- 
mitting estimates  of  the  cost  of  the  items  enumerated  in  the  Board 
letter  of  November  28, 1881,  was  read  and  filed. 

A  letter  from  Mr.  D.  M.  Mefford,  of  Toledo,  Ohio  (L.  B.  No.  219), 
stating  that  he  intended  to  have  a  working  model  of  his  gun  made  to 
submit  with  his  drawings,  was  read — had  been  answered  by  the  recordw 
during  recess  of  the  Board  to  the  effect  that  the  drawings  only  were 
desired. 

The  answer  was  approved. 

Lietters  from  the  Chief  of  Ordnance  (L.  R.  No.  214)  authorizing  the 
Board  to  have  the  Woodbridge  gun  cut  up,  and  from  Lieut.  Col.  T.  G, 
Baylor,  Ordnance  Department  (L.  R.  No.  218),  stating  that  the  Wood- 
bridge  gun  had  been  shipped  to  the  Delamater  Iron  Company,  were 
read  and  filed. 

A  letter  from  Dr.  J.  H.  McLean,  of  Saint  Louis,  Mo.  (L.  R.  No.  223), 
transmitting  model,  drawings,  and  description  of  his  "Hercules^  gun, 
was  read  and  laid  aside  for  future  action. 

A  letter  from  Knight  Bros.,  Washington,  D.  C.  (L.  R.  No.  225),  ask- 
ing whether  Dr.  McLean's  model  was  received  in  time  and  safely,  was 
read — had  been  answered  in  the  aflSrmative.    (Letter-book  No.  207.) 

The  model  and  photographs  of  a  spiral  projectile  submitted  by  Mr. 
D.  L.  Kennedy,  of  New  York,  were  laid  aside  for  future  consideration. 

The  plans  and  specifications  of  breech  mechanism,  projectile^  &c., 
submitted  by  Chief  Engineer  George  Quick,  R.  N.,  Hidcote  House, 
Chipping  Caropden,  England  (L.  R.  No.  215),  were  laid  aside  for  future 
consideration. 

The  agreement  of  Delamater  &  Co.  to  prepare  specimens  from  the 
Woodbridge  wire  gun  (L.  R.  No.  212)  was  read  and  laid  aside  for  future 
consideration.  A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  216), 
forwarding  report  of  the  firing  in  the  proof  of  8inch  breech-loading 
rifle,  No.  5,  and  the  opinion  of  experts  on  the  quality  of  the  metal  in 
the  breech  receiver,  with  records  of  tests  of  metal,'  &c.,  was  read,  and 
the  matter  laid  aside  fotfuture  consideration. 

Mr.  H.  F.  Mann,  of  Pittsburgh,  Pa.,  then  addressed  the  Board  in 
reference  to  his  inventions,  after  which  the  Board  resumed  the  consid- 
eration of  the  matter  presented  to  it  in  its  correspondence,  viz: 

A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  226),  transmitting 
plans  of  a  12'inch  B.  L.  rifle  on  the  French  and  Italian  systems  of  con- 
Mruction,  with  letter  of  explanation,  blue  prints,  and  remarks  thereoni 
together  with  a  report  on  the  steel  manufacturing  facilities  of  the  coun- 
try— laid  aside  for  future  consideration. 

The  Board  then  discussed  generally,  at  some  length,  a  plan  of  work, 
and  afterwards  the  drawings,  model,  &c.,  of  Dr.  McLean's  "  Hercules^ 
gun,  but,  without  action,  adjourned,  to  meet  the  19th  instant  at  11 
o'clock  a.  m. 


Army  Building, 
N'ew  York  City,  January  19, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 
Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  14th  ultimo  and  of  the  18th  instant  were  read. 
Mr.  A.  H.  Emery,  of  New  York,  then  again  addressed  the  Board  ia 
reference  to  his  systems  of  gun  construction. 
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The  model,  plans,  and  description  of  the  s^^stem  of  gnu  constrnction^ 
and  plans  and  descriptions  of  projectiles  presented  by  Dr.  J.  H.  McLean 
of  Saint  Lonis,  Mo.  (L.  R.  No.  223),  were  then  taken  up  for  final  action, 
and,  after  consideration  and  discussion,  the  following  resolution  was 
unanimously  adopted : 

That  the  Board  regards  the  system  of  gun  construction  presented  by 
Dr.  J.  H.  McLean,  of  Saint  Louis,  Mo.,  as  exhibited  in  his  plans  and 
description,  as  defective  in  the  following  respects:  That  the  weight  of 
the  whole  gun  and  its  parts  is  objectionable;  that  it  has  a  multiplicity 
of  parts  and  much  complex  machinery;  that  the  breech  block  is  much 
larger  and  heavier  than  those  successfully  and  extensively  now  in  use ; 
that  the  system  is  deficient  in  strength,  and  upon  the  whole  is  impracti- 
cable for  heavy  ordnance.  And  the  Board  does  not  recommend  it  there- 
fore for  actual  test.  A  careful  examination  of  the  plans  and  descrip- 
tions of  projectiles  submitted  by  Dr.  McLean  does  not  show  that  any 
of  them  has  sufficient  merit  to  warrant  a  recommendation  for  trial. 

The  plans  and  description  of  breech  mechanism  for  ordnance,  and 
the  plans  of  a  projectile  submitted  by  Chief  Engineer  George  Quick, 
B.  N.,  Hidcote  House,  Chipping  Campden,  England,  (L.  B.  J^o.  215), 
were  taken  up  for  consideration,  and  after  examination  and  discussion 
laid  aside  for  further  action. 

The  letter  from  the  Chief  of  Ordnance  (L.  E.  No.  226).  transmitting 
plans  and  descriptions  of  the  French  and  Italian  systems  of  gun  con- 
struction, with  accompanying  papers,  was  taken  up  for  consideration, 
the  letter  and  accompanying  papers  read,  and  the  Board  then  adjourned, 
to  meet  the  20th  instant,  at  11  o'clock  a.  m. 


Army  Building, 
New  Yarlc  City^  January  20, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o^clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  19th  instant  were  read. 

A  letter  from  the  Chief  of  Ordnance  to  the  Secretary  of  War,  inclos- 
ing a  communication  from  Mr.  W.  P.  Hunt,  president  of  the  South  Bos- 
ton Iron  Company,  requesting  assistance  in  his  eflforts  to  obtain  govern- 
ment aid  to  construct  a  complete  ordnance  manufactory,  referred  to  thQ 
Board  by  the  Secretary  of  War  for  an  expression  of  its  opinion  upon  the 
subject  (L.  B.  No.  227),  was  read,  together  with  the  inclosure.  The  mat- 
ter was  discussed  at  length  and  finally  laid  aside  for  future  action. 

The  letter  from  the  Chief  of  Ordnance  (L.  B.  No.  226),  transmitting 
plans  and  descriptions  of  the  French  and  Italian  systems  of  gun  con- 
struction, was  taken  up  and  considered  at  length:  but,  without  action^ 
the  Board  adjourned,  to  meet  the  23d  instant,  at  11  o^clock  a.  m. 


Aemy  Building, 

JSew  York  City,  January  23, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11.10  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  20th  instant  were  read. 

A  letter  from  Paulding,  Kemble  &  Co.,  proprietors  of  the  West  Point 
Foundry,  Cold  Spring,  N.  Y.  (L.  B.  No.  229\  to  the  Chief  of  Ordnance, 
submitted  by  him  to  the  Secretary  of  War,  and  referred  by  the  latter 
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to  the  Board  in  connection  with  the  paper  of  Mr.  W.  P.  Hunt,  and  re- 
marks of  the  Chief  of  Ordnance  thereon  (L.  R.  No.  227),  was  read. 

Paulding,  Kemble  &  Co.  state  that  they  have  seen  Mr.  Hunt's  letterj 
that  they  agree  with  him  in  his  statements,  and  think  that  the  method 
be  proposes,  i.  e.,  of  the  government  extending  aid  to  private  manufac- 
tories, is  the  only  way  to  establish  the  necessary  "plant''  for  the  manu- 
facture of  heavy  guns  of  recent  design. 

A  letter  from  Mr.  Timothy  Davis,  of  Washington,  D.  C,  to  the  Presi- 
dent of  the  Board  (L.  B.  No.  228),  stating  as  their  representative  that 
there  is  a  perfect  understanding  between  the  managers  of  the  South 
Boston  Iron  Company  and  the  West  Point  Foundry,  and  that  they  will 
both  appear  before  the  Board  if  desired,  was  read. 

These  letters  were  then  considere4  in  connection  with  Mr.  Hunt^s  com- 
munication and  the  remarks  of  the  Chief  of  Ordnance  and  the  opinion 
of  the  Board  prepared.    (Letter-book,  pages  212-13-14-15-16.) 

The  letter  from  the  Chief  of  Ordnance  (L.  B.  No.  226),  transmitting 
plans  and  descriptions  of  the  French  and  Italian  systems  of  gun  con- 
struction, was  taken  up  and  considered  at  length,  but,  without  actioui 
the  Board  adjourned,  to  meet  the  24th  instant,  at  11  o'clock  a.  m. 


Army  Building, 
New  York  City,  January  24, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  23d  iustant  were  read. 

The  Board  then  proceeded  to  the  consideration  of  a  letter  from  the 
Chief  of  Ordnance  (L.  K.  No.  231),  transmitting  reports  of  the  Ordnance 
Board  on  the  bursting  of  8-inch  andll-ineh  B.  L.  chambered  rifles,  with  his 
remarks  thereon,  and  appendices  giving  valuable  information  relative  to 
heavy  guns,  the  experiments  and  conclusions  of  eminent  ordnance  au- 
thorities, and  records  of  the  endurance  of  tubed  cast-iron  guns. 

The  letter  and  a  number  of  the  appendices  were  read,  and  the  matter 
laid  aside  for  further  action. 

The  letter  £h)m  the  Chief  of  Ordnance  (L.  K.  No.  226),  transmitting 
plans  and  descriptions  of  the  French  and  Italian  systems  of  gun  con- 
struction, was  taken  up  and  considered  at  length,  but,  without  actioni 
the  Board  adjourned,  to  meet  the  25th  instant,  at  11  o'clock  a.  m. 


Army  Building, 
Ifetc  York  City,  January  25, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11.20  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  24th  instant  were  read. 

A  letter  from  Mr.  D.  M.  Mefford,  of  Toledo,  Ohio  (L.  K.  No.  232),  giv- 
ing  a  description  of  his  method  of  constructing  heavy  ordnance  and  in- 
closing plans,  was  read,  and  after  careful  examination  of  the  plans  and 
description  the  following  resolution  was  unanimously  adopted: 

That  the  Board  does  not  approve  of  the  plans  of  gun  construction 
submitted  by  Mr.  D.  M.  Mefford,  of  Toledo,  Ohio,  and  cannot,  therefore^ 
recommend  a  gun  constructed  on  such  a  plan  for  actual  test. 

Mr.  Mefford  so  informed,  by  direction  of  the  Board.  (Letter-book 
No.  217.) 

The  letter  from  the  Chief  of  Ordnance  (L.  ]B.  No.  226)  transmitting  plana 
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and  descriptions  of  the  French  and  Italian  systems  of  gun  construction 
was  taken  up,  considered  at  length,  and  laid  aside  for  future  action. 

The  plans  of  gun  construction  presented  by  Mr.  A.  H.  Emery,  of  New 
York  (L.  B.  Ko.  230),  were  then  considered  and  discussed  at  length,  and 
laid  aside  for  further  action. 

The  plans  and  description  of  breech  mechanism  for  ordnance  and  the 
plans  of  a  projectile  submitted  by  Chief  Engineer  George  Quick,  B.  N., 
Hidcote  House,  Chipping  Campden,  England  (L.  B.  No.  215),  were  then 
taken  up  for  final  action,  carefully  considered,  and  the  following  reso- 
lution unanimously  adopted : 

That  the  breech -loading  device  of  Chief  Engineer  George  Quick,  B.  N.. 
though  of  doubtful  superiority  to  other  systems  now  extensively  used 
abroad,  yet  appears  to  possess  sufficient  merit  to  warrant  its  trial  should 
the  Ordnance  Department  find  it  convenient  so  to  do  in  the  construction 
and  test  of  new  cannon. 

The  Board  then  adjourned,  to  meet  the  26th  instant,  at  11  o'clock  a.  m. 


Army  BuiLDiNa, 
^  2few  Yorlc  Ciiy^  January  26,  1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  General  Getty,  Colonel  Tower,  Major  Parker,  Major  Men- 
denhall,  and  the  recorder. 

Absent:  Lieutenant-Colonel  Buffington ;  by  permission  of  the  Board. 

The  proceedings  of  the  25th  instant  were  read  and  discussed. 

After  an  extended  discussion  of  the  plans  before  it  and  of  gun  con- 
struction generally,  the  Board  adjourned,  to  meet  the  30th  instant  at  11 
o'clock  a.  m. 


Army  Building, 
N^ew  York  City,  January  30, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  20th  instant  were  read. 

A  letter  from  the  Chief  of  Ordnance  (L.  B.  No.  233),  transmitting,  for 
the  information  of  the  Board,  certain  extracts  from  foreign  publications 
relative  to  steel-wire  guns,  and  setting  forth  the  advantages  of  using 
built-up  guns,  in  contradistinction  to  homogeneous  or  simple  cast  guns, 
as  a  means  of  securing  the  greatest  strength  and  least  weight  in  gun 
construction,  was  read,  together  with  the  inclosures,  and  filed  for  ref- 
erence. 

A  letter  fi'om  Capt.  J.  G.  Butler,  Ordnance  Department  (L.  B.  No.  234), 
submitting  drawings  of  three  systems  of  gun  construction,  urging  their 
trial  and  giving  his  reasons  therefor,  was  read,  and  laid  aside  for  future 
consideration. 

Dr.  W.  E.  Woodbridge  then  read  to  the  Board  a  paper  (L.  B.  No. 
235)  describing  in  detail  the  method  of  brazing  his  wire  gun,  explaining 
the  cause  of  the  imperfect  brazing  in  the  ruptured  gun,  and  the  remedy 
for  that  defect  in  future  construction.  Dr.  Woodbridge  afterwards  ad- 
dressed the  Board  in  reference  to  his  system  of  construction  generally. 

The  Board  then  ailjourned,  to  meet  the  31st  instant  at  11  o'clock  a.  m. 


beport  op  the  chief  of  obdnance.  191 

Abmy  Building, 
New  York  Cityy  January  31, 1882. 

The  Board  met,  pnrsaant  to  adjoamment^  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  30th  instant  were  read. 

Some  points  in  regard  to  the  tests  to  be  made  of  the  specimens  irom 
the  Woodbridge  gun  were  referred  to  and  discussed  with  Dr.  Wood- 
bridge,  after  which  the  Board  commenced  the  revision  of  the  record  of 
its  proceedings. 

The  Board  then  adjourned,  to  meet  the  1st  proximo  at  11  o'clock  a.  m,. 


Abmy  Building, 
New  York  City^  February  1, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  General  Getty,  Colonel  Tower,  Lieutenant-Colonel  Buffing- 
tOD,  Major  Mendeuhall,  and  the  recorder. 

Absent :  Major  Parker ;  by  authority  of  the  Board. 

The  proceedings  of  the  31st  ultimo  were  read. 

The  Board  concluded  the  revision  of  the  record  of  its  proceedings. 

The  letter  of  Mr.  C.  B.  Barrows,  of  Brooklyn^  N.  Y.  (L.  B.  No.  236),. 
calling  attention  to  the  application  of  a  new  principle  to  the  science  of 
gunnery,  transmitted  to  the  Board  by  the  Chief  of  Ordnance,  was  read,, 
and  the  Board  then  adjourned,  to  meet  the  3d  instant  at  11  o'clock  a.  m.. 


Abmy  Building, 
New  York  City^  February  3,  1882. 

The  Board  met,  pursuant  to  adjournment-,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  1st  instant  were  read. 

The  consideration  of  Mr.  C.  B.  Barrow's  letter  (L.  E.  No.  236)  wa* 
continued,  and  the  following  resolution  unanimously  adopted : 

That  the  Board  regards  Mr.  C.  B.  Barrow's  device  for  exhausting  the 
air  from  guns  before  firing  them  as  impracticable. 

A  copy  of  the  correspondence  in  connection  with  the  Board  letter  of 
October  26, 1881,  asking  for  information  in  regard  to  the  constrnction,. 
&c.,  of  Italian  heavy  ordnance,  transmitted  to  the  Board  by  the  Adju- 
tant-General of  the  Army  (L.  E.  No.  238),  was  read  and  filed. 

A  letter  from  the  Chief  of  Ordnance  (L.  E.  No.  239),  transmitting^ 
paper  translated  from  the  Eevue  d'Artillerie,  relative  to  the  construction 
and  trial  of  the  Italian  100-ton  rifled  gun,  was  read,  together  with  the 
translation,  and  laid  aside  for  future  consideration. 

The  Board  then  discussed  at  length  the  various  plans  of  gun  constrnc- 
tion before  it.  There  being  no  further  business  before  it  upon  which 
immediate  action  could  be  taken,  the  Board  then  adjourned,  to  meet  the 
Ifit  of  March  at  11  o'clock  a.  m.,  or  sooner,  at  the  call  of  the  President,, 
if  necessary,  for  the  transaction  of  business. 


Abmy  Building, 
New  York  Cityy  March  1, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 
Present:  All  the  mem^rs  and  the  recorder. 


192         REPORT  OP  THE  CHIEF  OF  ORDNANCE. 

The  proceedings  of  the  2d  ultimo  were  read. 

Tbe  Board  then  proceeded  to  the  consideration  of  the  new  matter  pre- 
Bented  in  correspondence,  viz: 

A  letter  from  the  Hon.  H.  L.  Dawes  to  the  Secretary  of  War,  and  re- 
ferred by  the  latter  to  the  Board  for  the  information  desired. 

The  letter  was  read,  together  with  the  indorsement  of  the  President 
of  the  Board,  and  filed  (L.  R.  No.  241). 

A  copy  of  the  correspondence  in  connection  with  the  Board  letter  of 
October  26, 1881,  asking  for  information  in  regai*d  to  the  method  of 
X^nstracting  the  most  recent  French  cannon,  including  the  Schultz  wire 
gun,  transmitted  to  the  Board  by  the  Adjutant-General  of  the  Army 
(L.  R.  No.  241),  was  read  and  filed. 

The  modified  proposal  of  Mr.  Norman  Wiard  to  the  Secretary  of  War 
<L.  R.  No.  242),  transmitted  by  the  latter  to  the  Board  for  consideration 
in  connection  with  the  previous  proposal  bearing  date  March  28, 1881, 
was  read  and  laid  aside  for  future  action. 

A  letter  from  Mr.  0.  A.  Hotchkiss,  of  Bridgeport,  Conn.  (L.  R.  No. 
243),  submitting  drawing  and  description  of  Mr.  B.  B.  Hotchkiss's  pro- 
jectile for  breech-loading  ordnance,  was  read,  the  plan  and  sample  pro- 
jectile examined,  and  the  matter  laid  aside  for  future  action. 

A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  244),  transmitting  cer- 
tain papers  and  drawings,  studies  on  guns,  lef(  at  the  Ordnance  Office 
by  Mr.  Paulding,  of  Cold  Spring,  N.  Y.,  was  read,  together  with  the  in- 
<;losures,  and  laid  aside  for  future  action. 

A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  245),  transmitting  a 
copy  of  a  report  made  by  Capt.  J.  G.  Butler  on  the  trial,  by  means  of 
gunpowder,  of  cast-iron  cylinders,  lined  and  unlined,  was  read,  and 
lied  for  reference. 

A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  247),  transmitting  a 
copy  of  Col.  T.  T.  S.  Laidley's  report  on  the  trial  of  two  cast-iron  guns, 
one  lined  with  wrought-iron  tube,  and  making  certain  remarks  thereon, 
was  read,  together  with  the  inclosures,  and  filed  for  reference. 

A  letter  from  Capt.  C.  S.  Smith,  Ordnance  Department,  transmitted 
to  the  Board  by  the  Chief  of  Ordnance  (L.  R.  No.  248),  giving  in  con- 
nection with  his  letter  of  December  30, 1881,  certain  information  as  to 
the  method  used  in  assembling  the  parts  of  the  French  cast-iron  and 
steel  guns,  and  also  the  translation  of  an  extract  from  the  Revue  cPAr- 
tillerie  giving  the  latest  information  in  regard  to  the  Italian  100-tou 
^un,  was  read,  together  with  the  inclosures,  and  filed  for  reference. 

The  Board  then  adjourned,  to  meet  the  2d  instant  at  11  o'clock  a.  m. 


Army  Building, 
mw  York  City,  March  2,  1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  1st  instant  were  read. 

The  following  letters  and  accompanying  papers,  which  had  been  laid 
aside  for  further  consideration,  were  then  directed  to  be  filed  for  refer- 
ence, viz: 

Letters  received,  Nos.  150,  216,  231,  233,  and  239,  from  the  Chief  of 
Ordnance. 

Letter  received.  No.  234,  from  Capt.  J.  G.  Butler,  Ordnance  Depart- 
ment, was  directed  to  be  filed,  as  the  subject  had  been  acted  upon. 

The  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  244),  transmitting 
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certain  papers,  drawings,  &c.,  for  Paulding,  Kemble  &  Co.,  was  then 
taken  up,  the  drawings  carefully  considered  and  examined,  and  the  fol- 
lowing resolution  unanimously  adopted:  $ 

That  the  breech-loading  device  presented  by  Paulding,  Kemble  &  Co., 
shown  in  drawing  marked  "Study  in  Ordnance,"  submitted  by  the 
Chief  of  Ordnance  with  his  letter  dated  February  6, 1882,  appears  to 
possess  sufficient  merit  to  warrant  its  trial,  should  the  War  Department 
find  it  proper  so  to  do,  in  the  construction  and  test  of  new  cannon. 

The  modified  proposal  of  Mr.  Norman  Wiard  (L.  R.  No.  242),  trans- 
mitted to  the  Board  by  the  Secretary  of  War,  was  then  taken  up  for 
final  action,  and  after  careful  consideration  and  discussion  the  following 
resolution  was  unanimously  adopted : 

With  regard  to  Mr.  Norman  Wiard's  modifications  of  his  proposals  of 
the  28th  of  March,  1881,  presented  to  the  Board  by  indorsement  of  the 
Secretary  of  War  dated  February  3, 1882,  viz,  dividing  said  proposal  of 
March  28, 1881,  into  four  parts,  for  the  purpose — 

1st-  Of  furnishing  part  of  the  powder  for  the  tests  and  determining 
the  best  kind  to  be  used  for  the  guns  referred  to;  the  l>e8t  width  and 
depths  of  grooves  and  pitch  of  rifling  for  these  guns,  with  original  length 
of  bores  unchanged ;  to  testing  the  power  of  these  guns  for  penetration 
into  iron  and  earth,  when  converted  into  combined  rifles  and  smooth- 
bores; to  apply  and  test  the  *' snubbing- rope''  plan  for  checking  recoil; 
to  take  velocities  of  all  projectiles  during  this  part  of  experiments, 
&c. 

2d.  To  test  by  rapid  firing  the  endurance  of  the  guns  referred  to 
above. 

3d.  To  confine  experiments  "  to  the  conversion,  trial,  and  proof  of  pow- 
der for  the  penetration  of  iron  targets  and  eartn  works  of  two  16 -inch 
smooth-bore  Bodman  guns  into  long-bore  breech-loading  rifled  guns,'' 

&C. 

4th.  The  furnishing  of  all  supplies  as  stated  in  detail. 

Besolved,  Inasmuch  as  the  Board  does  not  approve  of  the  conversion 
of  any  of  the  smooth-bore  guns  now  possessed  by  the  government,  and 
particularly  does  not  approve  of  the  system  or  systems  proposed  by  Mr. 
Wiard,  that  said  amended  proposals  be  not  recommended  for  acceptance 
by  the  War  Department,  and  (referring  to  the  Secretary  of  War's  in- 
dorsement) that  tbe  Board  does  not  consider  the  form  of  the  proposals 
objectionable,  and  therefore  has  no  modifications  to  suggest. 

The  model  and  photographs  of  Mr.  D.  L.  Kennedy's  "spiral  drill- 
pointed  projectile"  (L.  R.  No.  127)  was  then  taken  up  for  final  action, 
and  the  following  resolution  unanimously  adopted: 

That  if  at  any  time  the  Ordnance  Department  should  be  engaged  in 
experiments  to  determine  the  penetration  of  different  kinds  of  project- 
iles into  iron,  this  Board  recommends  that  Mr.  Kennedy's  proposed 
spiral  projectile  be  also  tried,  but  it  is  not  deemed  advisable  to  con- 
struct an  iron  target  simply  to  test  his  device. 

The  letter  of  Mr.  C.  A.  Hotchkiss  (L.  R.  No.  243),  transmitting  trac- 
ing and  sample  of  Mr.  B.  B.  Hot-chkiss's  projectile  for  breech-loading 
guns,  was  then  taken  up  for  final  action,  and  the  following  resolution 
unanimously  adopted. 

That,  with  regard  to  the  Hotchkiss  projectile,  submitted  with  letter  of 
February  6,  inclosing  a  tracing  of  it,  as  it  is  known  by  actual  test  to  be 
a  good  and  reliable  projectile  for  B.  L.  guns,  resolved  that  it  be  recom- 
mended for  further  trial  by  tbe  Ordnance  Department. 

The  drawing  of  the  improved  Parrott  projectile,  submitted  by  Pauld- 
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ing,  Kemble  &  Co.  (L.  E.  No.  194),  was  then  examined,  and  the  following 
resolution  ananimously  adopted. 

That  the  improved  Parrott  projectile  for  muzzle-loading  guns  is  rec- 
ommended for  actual  test  in  connection  with  other  projectiles  in  exper- 
imental or  practice  tiring  with  the  8-inch  muzzle-loading  rifle. 

The  Board  then  adjourned,  to  meet  the  3d  instant  at  the  Delamater 
Iron  Works  at  11  o'clock  a.  m. 


Delamater  Iron  Works, 
New  Tork  City^  March  3, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  Board  then  examined  the  parts  of  the  Woodbridge  lOinch  M.  L. 
rifled  wire  gun,  and  afterwards  proceeded  to  the  Army  Building,  where 
the  proceedings  of  the  2d  instant  were  read. 

The  Board  then  adjourned,  to  meet  the  6th  instant  at  11  o'clock  a.  m. 


Army  Building, 
New  Yorlc  City^  March  6, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  3d  instant  were  read. 

Mr.  A.  H.  Emery,  of  New  York,  presented  to  the  Board  several  plans 
for  gun  conversion  (L.  R.  No.  249),  and  the  detailed  estimate  of  the 
cost  of  the  sections  and  models  made  after  the  drawings  prepared  by 
him  for  the  Board  (L.  R.  No.  250.) 

The  Board  discussed  at  length  several  of  the  plans  before  it,  and  then 
a^ourned,  to  meet  the  7th  instant  at  11  o'clock  a.  m. 


Army  Building, 
New  Yorlc  City,  March  7, 1882. 

The  Board  met^  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recoider. 

The  proceedings  of  the  6th  instant  were  read. 

A  letter  from  Mr.  J.  R.  Haskell,  of  New  York  City  (L.  R.  No.  251), 
submitting,  aa  requested  by  the  Board  in  letter  of  November  28, 1881, 
an  estimate  of  the  cost  of  firing  the  "  Lyman-Haskell  multi-charge  gun'' 
100  rounds,  was  read,  discussed,  and  filed  for  reference. 

The  plans  of  gun  construction  and  conversion  submitted  by  Mr.  A. 
H.  Emery,  of  New  York  (L.  R.  Nos.  230  and  249),  were  examined  and 
discussed^  the  accompanying  descriptions  and  estimates  read,  and  the 
matter  laid  aside  for  future  action.  The  estimates  of  the  weights  and 
cost  of  the  several  sections  and  models  of  systems  of  gun  construction 
to  be  made  after  the  drawings  prepared  for  the  Boj5ti  by  Mr.  A.  H. 
Emery  (L.  B.  No.  250)  were  read,  and  the  subject  discussed  at  length. 

The  Board  then  a^onrned,  to  meet  the  8th  instant  at  11  o'clock  a.  m. 
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Army  Building, 
New  York  City^  March  8, 1882. 

The  Board  met,  pursuant  to  adjonrnment,  at  1  o'clock  p.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  7th  instant  were  read. 

Mr.  J.  R.  Haskell,  of  New  York  City,  then  addressed  the  Board  in 
reference  to  the  << Lyman-Haskell  multi-charge  gun,"  and  asked  that  the 
Board  recommend  the  trial  of  the  gun  in  process  of  manufacture  at 
Beading,  Pa. 

Dr.  W.  E.  Woodbridge  then  addressed  the  Board  in  reference  to  his 
wire  gun. 

The  Board  then  a^oumed,  to  meet  the  9th  instant  at  11  o'clock  a.  m. 


Army  Building-, 
^  New  York  Cityy  March  9, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  Genersd  Getty,  Colonel  Tower,  Major  Meudenhall,  and  the 
recorder. 

Absent:  Lieutenant-Colonel  Buffington  and  Major  Parker;  by  per- 
mission of  the  Board. 

The  proceedings  of  the  8th  instant  were  read. 

Dr.  W.  E.  Woodbridge  addressed  the  Board  in  regard  to  the  tests  to 
be  made  of  specimens  taken  from  his  wire  gun. 

Mr.  A.  H.  Emery  then  addressed  the  Board  at  length  in  regard  to 
his  systems  of  gun  construction  and  conversion. 

Mr.  W.  P.^Hunt,  President  of  the  South  Boston  Iron  Company,  then 
submitted  to  the  Board  drawings  of  all  steel,  steel  and  cast-iron,  and 
steel  and  bronze  guns,  and  briefly  explained  them,  stating  that  he  in- 
tended to  submit  a  written  description  and  estimate  of  the  cost  of  the 
several  constructions  at  an  early  date. 

The  Board  then  ai^ourued,  to  meet  the  10th  instant  at  11  o'clock  a.  m. 


Army  Building, 
New  York  City^  March  10, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  General  Getty,  Colonel  Tower,  Major  Meudenhall,  and  the 
recorder. 

Absent :  Lieutenant-Colonel  Buffington  and  Major  Parker;  by  per- 
mission of  the  Board. 

The  proceedings  of  the  9th  instant  were  read. 

The  Board  discussed,  generally,  the  matter  before  it,  and  then  ad- 
journed, to  meet  the  13th  instant  at  11  o'clock  a.  m. 


Aemt  Building, 
New  York  Cityy  March  13, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 
Present:  General  Getty,  Colonel  Tower,  Major  Parker,  Major  Meu- 
denhall, and  the  recorder. 
Absent:  Lieutenant-Colonel  Buffington ;  by  permission  of  the  Board. 
The  proceedings  of  the  10th  instant  were  read. 
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A  telegram  from  Lientenant-Golonel  Baffingtou  (L.  B.  Ko.  252),  giv- 
ing the  reason  for  his  absence,  was  read. 

A  letter  was  addressed  to  Col.  T.  T.  S.  Laidley,  commanding  Water- 
town  Arsenal,  in  reference  to  the  tests  to  be  maae  of  specimens  taken 
from  the  Woodbridge  gnn.    (Letter-book  No.  220.) 

The  recorder  was  directed  to  proceed  to  Boston  to  superintend  the 
preparation  and  test  of  the  specimens  at  Watertown  Arsenal.  (Letter- 
book  No.  223.) 

The  Board  then  adjourned  to  meet  the  30th  instant  at  11  o'clock  a.  m. 


Army  Building, 
New  York  City,  March  30, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  13th  instant  were  read. 

A  letter  from  F.  Itf.  Shields,  of  Coopwood,  Miss.  (L.  B.  No.  255), 
making  inquiries  for  his  ^^  multi-gun"  which  he  claims  to  have  sent  to 
the  Board,  was  read,  and  the  recorder  directed  to  reply,  giving  Mr. 
Shields  all  the  information  possible  in  regard  to  his  inventions  which 
have  been  received  and  examined.    (Letter-book  No.  226.) 

Mr.  H.  F.  Mann,  of  Pittsburg,  Pa.,  then  addressed  the  Board  in  refer- 
ence to  his  system  of  gun  construction,  and  submitted  a  paper  (L.  B. 
No.  258)  in  continuation  of  and  in  addition  to  his  previous  communica- 
cations. 

Mr.  Henry  Durell  then  addressed  the  Board  in  reference  to  a  system 
of  gun  construction,  explaining  generally  the  manner  of  construction  by 
a  mo<lel.  After  discussion,  Mr.  Durell  withdrew,  with  the  understand- 
ing that  he  could  submit  a  definite  plan  to  the  Board  at  a  later  day  if 
he  desired. 

Ordnance  note  No.  174,  relating  to  the  Italian  100-ton  gun,  received 
from  the  Chief  of  Ordnance  (L.  R.  No.  257),  was  filed  for  reference. 

A  letter  from  the  Chief  of  Ordnance  (L.  It.  No.  256),  transmitting  the 
first  chapter  of  Colonel  Crispin's  report  on  European  heavy  ordnance, 
with  remarks  thereon,  was  read.  The  reading  of  the  report  was  com- 
menced, but  before  conclusion  the  Board  adjourned,  to  meet  the  31st  in- 
stant at  11  o'clock  a.  m. 


Abmy  Building, 
Netc  York  City,  March  31, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  30th  instant  were  read. 

The  results  of  the  tests  made  at  Watertown  Arsenal  of  specimens  from 
the  Woodbridge  gun  were  explained  to  the  Board. 

The  report  is  hereto  appended,  marked  **  B." 

The  reading  of  the  report  on  heavy  ordnance  of  England,  by  Col.  S. 
Crispin,  Ordnance  Department,  transmitted  to  the  Board  by  the  Chief 
of  Ordnance  (L.  B.  No.  256),  was  concluded,  and  the  Bou:d  then  ad- 
journed, to  meet  the  3d  proximo  at  11  o'clock  a  m. 
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Army  Building, 
New  York  Oity^  Apnl  3,  1882. 

The  Board  met,  parsuant  to  adjournmeut,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  Slst  ultimo  were  read. 

A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  260),  ti-ansmitting  a 
copy  of  a  letter  from  Mr.  B.  B.  Hotchkiss,  of  Paris,  France,  descriptive 
of  his  wire  gnn,  was  read.  Mr.  Hotchkiss's  letter  and  description  were 
read,  the  drawing  examined,  and  the  matter  lai<l  aside  for  further  con- 
sideration. 

A  letter  from  Capt.  C.  S.  Smith,  forwarding  to  the  Chief  of  Ordnance 
plans  of  gun  construction,  additional  to  those  previously  forwarded,  re- 
garding a  modification  of  the  existing  plans  tor  the  12-inch  B.  L.  rifles 
now  under  contract,  referred  by  the  Chief  of  Ordnance  to  the  Board  (L. 
B.  No.  262),  was  read,  the  drawings  examined  and  discussed,  and  the 
matter  laid  aside  for  further  consideration. 

A  letter  from  Mr.  W.  P.  Hunt,  President  of  the  South  Boston  Iron 
Company  (L.  E.  No.  261),  submitting  a  portfolio  of  drawings  of  projec- 
tiles of  the  kind  which  have  been  furnished  to  the  government,  with 
statement  of  their  advantages  over  other  kinds,  was  read,  the  drawings 
examined,  and  the  matter  laid  aside  for  farther  consideration. 

A  letter  from  Mr.  Hunt  (L.  R.  No.  254),  gi\ing  description,  estimate 
of  cost  of  construction,  and  proof  of  the  all  steel,  steel  and  cast-iron,  and 
steel  and  bronze  guns,  of  which  drawings  were  submitted  on  March  9, 
was  read,  the  drawings  examined,  and  the  matter  laid  aside  for  further 
consideration. 

The  Board  then  adjourned,  to  meet  the  4th  instant  at  11  o^clock  a.  m. 


Abmy  Building, 
New  York  City,  April  4, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  II  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  3d  instant  were  read. 

Mr.  W.  P.  Hunt,  President  of  the  South  Boston  Iron  Company,  ad- 
dressed the  Board  in  reference  to  the  drawings  of  projectiles  submitted 
by  him. 

The  Board  then  discussed  several  of  the  plans  before  it. 

After  some  further  discussion  of  various  matters  before  it,  the  Board 
a^oumed,  to  meet  the  5th  instant  at  11  o'clock  a.  m. 


Abmy  Building, 
New  York  City,  April  6,  1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  4th  instant  were  read. 

The  drawings  of  systems  of  gun  constructiou  ordered  by  the  Board 
from  Mr.  A.  H.  Emery,  and  the  estimate  of  the  weight  and  cost  of  the 
diflereut  models  and  sections  constructed  after  the  drawings,  with  a  view 
to  comparative  t<ests  in  the  machine  and  with  powder  (L.  B.  No.  250), 
were  taken  up  for  final  action,  the  drawings  examined,  the  estimates 
read  and  discussed,  and  the  following  resolution  unanimously  adopted: 

In  the  opinion  of  this  Board  much  valuable  knowledge  would  be 
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gained  for  ordnance  oonstmctors  and  for  the  general  ends  of  science, 
as  to  the  relative  effects  of  impulsive  and  coutinned  forces,  by  a  series 
of  experiments  of  the  nature  set  forth  in  this  paper;  yet,  in  view  of  the 
great  coat  (over  $400,000),  and  of  the  delays  that  would  be  involved  in 
carrying  them  out,  they  cannot  be  undertaken  by  this  Board.  It  is,  how- 
ever, suggested  that  a  limited  number  of  trials  be  made  in  this  direc- 
tion with  such  models  as  will  best  tend  to  elucidate  the  subject. 

The  drawings  and  description  of  the  Butler  piojectile,  submitted  by 
Mr.  W.  P.  Hunt,  President  of  the  South  Boston  Iron  Company  (L.  R. 
No.  261),  were  then  taken  up  for  final  action  and  the  following  resolu- 
tion unanimously  adopted : 

As  the  Butler  projectile,  of  which  drawings  and  description  are  sub- 
mitted by  Mr.  W.  P.  Hunt,  is  known  by  actual  trial  to  be  a  good  and 
reliable  projectile  for  both  muzzle  and  breech-loading  guns,  it  is  recom- 
mend«;d  for  further  trial  in  competition  with  other  projectiles. 

The  plans  submitted  by  Mr.  A.  H.  Emery,  of  New  York  City,  for  the 
conversion  of  10-inch  and  15inch  smooth-bore  guns,  being  a  part  of 
those  submitted  with  L.  B.  No.  253,  were  then  examined  and  discussed, 
and  the  following  resolution  unanimously  adopted: 

The  Board  is  of  the  opinion  that  the  15-inch  and  lOinch  guns  on  hand 
are  needed  for  service,  as  they  are,  and  that  it  would  be  inexpedient 
to  convert  them  into  breech  loading  rifles  by  any  process.  It  cannot 
therefore  recommend  their  conversion  by  the  methods  presented  in  Mr. 
Emery's  plans. 

The  Board  then  adjourned,  to  meet  the  6th  instant  at  11  o'clock  a.  m. 


Abmt  Building, 
New  York  City,  Apnl  6, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  5th  instant  were  read. 

The  Board  discussed  at  length  the  Italian  system  of  gun  constmction 
and  examined  the  records  of  trials  made  with  guns  constructed  on  that 
plan. 

A  letter  from  Dr.  W.  E.  Woodbridge  (L.  B.  No.  263).  giving  the  difficul- 
ties  that  may  be  found  in  accurately  preparing  and  testing  composite 
specimens,  was  read  and  filed. 

The  Board  then  adjourned,  to  meet  the  7th  instant  at  11  o'clock  a.  m. 


Army  BuiLDrNO, 
New  York  Cityy  April  7, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  General  Getty,  Colonel  Tower,  Major  Parker,  Major  Menden- 
hall,  and  the  I'ecorder. 

Absent:  Lieutenant-Colonel  BufBngton  ,*  by  permission  of  the  Board. 

The  proceedings  of  the  6th  instant  were  read. 

The  plans  of  gun  construction  submitted  by  Mr.  A.  H.  Emery  (L.  B. 
No.  25  i),  and  those  submitted  by  Mr.  W.  P.  Hunt  (L.  R.  No.  254),  were 
discussed,  and  the  Board  adjourned,  to  meet  the  lOth  instant  at  11 
o'clock  a.  m. 
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Army  Building, 
H^  York  City,  April  10, 1882. 

The  Bodi^  met,par8naiit  to  adjonrnment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  7th  instant  were  read. 

The  plans  of  gun  constraction  and  accompanying  papers  submitted 
by  Mr.  W.  P.  Hant,  president  of  the  South  Boston  Iron  Company  (L. 
B.  NTo.  254),  those  submitted  by  the  Chief  of  Ordnance  (L.  E.  No.  262), 
and  those  submitted  by  Mr.  A.  H.  Emery  (L.  E.  No.  253),  were  ex- 
amined and  discussed,  and  the  Board  then  adjourned,  to  meet  the  11th 
instant  at  11  o'clock  a.  m. 


Army  Building, 
N^w  Yorlc  City^  ApHl  11, 1882. 

The  Board  met,  pursnant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  10th  instant  were  read. 

A  letter  from  Lieut.  C.  C.  Morrison,  Ordnance  Department  (L.  E.  No. 
264),  giving  a  description  and  inclosing  drawing  of  a  12-inch  steel  "rib- 
bon "  gun,  was  read,  the  drawing  examined,  and  the  matter  laid  aside  for 
future  action. 

The  plans  of  gun  construction  submitted  by  Mr.  W.  P.  Hant,  presi- 
dent of  the  South  Boston  Iron  Company  (L.  E.  No.  254)«  and  those  sub- 
mitted by  the  Chief  of  Ordnance  (L.  E.  Kos.  226  and  262),  were  exam- 
ined and  discussed,  and  the  Board  then  adjourned,  to  meet  the  12th 
instant  at  11  o'clock  a.  m. 


Army  Building, 
lUTew  York  City^  April  12, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  12  o'clock  m. 

Present :  GeueraLGetty,  Colonel  Tower,  Lieutenant-Colonel  Buffing- 
ton,  Major  Mendenhall,  and  the  recorder. 

Absent :  Major  Parker. 

The  proceedings  of  the  11th  instant  were  read. 

A  telegram  from  Major  Parker  (L.  E.  No.  265),  saying  he  could  not 
attend  the  meeting  of  the  Board,  was  read. 

The  Board  discussed  generally  the  subject  of  gun  construction,  and 
then  adjourned,  to  meet  the  13th  instant  at  11  o'clocka.  m. 


Army  BuiLDiNa, 
New  York  City,  April  13, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11.30  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  12th  instant  were  read. 

Several  plans  of  gun  construction  not  yet  acted  upon  were  discussed 
at  length. 

A  design  for  an  8-inch  steel  wire  B.  L.  gun,  submitted  by  the  Chief  of 
Ordnance  by  indorsement  on  letter  of  Capt.  C.  S.  Smith,  was  examined, 
the  letters  read,  and  the  matter  laid  aside  for  further  consideration.  The 
Board  then  adjourned,  to  meet  the  14th  instant  at  11  o^clock  a.  m. 
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Army  BuiLDiNa, 
New  York  City^  ApHl  14, 1882. 

The  Board  met,  puranant  to  adjoarnment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  13th  instant  were  read. 

The  Board  discussed  at  length  several  plans  of  gun  construction  be- 
fore it 

There  being  nothing  before  it  upon  which  immediate  action  could  be 
taken,  and  to  await  the  submission  of  further  plans  by  several  inventors, 
the  Board  then  adjourned,  to  meet  the  1st  proximo  at  11  o'clock  a.  m. 


Army  Building, 
New  York  City^  May  1, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  14th  ultimo  were  read. 

The  letters  from  Lieut.  C.  C.  Morrison,  Ordnance  Department,  and 
Mr.  W.  P.  Hunt  (L.  R.  Nos.  268,  270,  and  271),  asking  that  they  be  al- 
lowed to  make  corrections  of  their  drawinge,  were  read  and  filed.  The 
requests  had  already  been  grante<l. 

A  letter  was  read  from  Capt.  J.  G.  Butler,  Ordnance  Department  (L. 
E.  No.  272),  asking  that  his  communication  to  the  Board  on  the  subject 
of  heavy  ordnance  be  returned,  as  the  same  matt^er  was  before  the  Board 
from  another  source. 

The  recorder  was  directed  to  file  the  letter,  and  return  the  former 
communication  as  requested. 

A  letter  from  Col.  T.  T.  S.  Laidley,  Ordnance  Department  (L.  R.  No. 
273),  submitting  a  plan  and  giving  a  description  of  the  mode  of  con- 
structing a  cast-iron  gun  reinforced  by  wrapped  wire,  was  read  and 
laid  aside  for  future  consideration. 

A  letter  from  Mr.  W.  P.  Hunt,  President  of  the  South  Boston  Iron 
Company  (L.  R.  No.  274),  submitting  drawings  and  giving  a  description 
of  guns  of  cast  iron  reinforced  by  steel  wire,  of  cast  iron  reinforced  by 
steel  hoops,  and  of  all  steel,  was  read  and  laid  aside  ior  further  consid- 
eration. 

A  letter  from  the  Chief  of  Onlnance  (L.  R.  No.  275),  giving  the  record 
of  firing  with  the  G-inch  and  10.236-inch  Armstrong  steel  riband  guns, 
was  read,  together  with  the  inclosures,  and  filed  for  reference. 

A  letter  from  the  Chief  of  Ordnance  (L.  R.  No.  276),  submitting  plans 
prepared  by  Capt.  C.  S.  Smith,  Ordnance  Department,  of  a  12-inch  M.  L. 
rifled  mortar,  and  alterations  of  plans  previously  submitted,  as  contem- 
plated in  letter  of  March  30,  1882,  was  read,  and  laid  aside  for  frirther 
consideration. 

A  letter  from  Dr.  W.  E.  Woodbridge  to  the  Chief  of  Ordnance,  re- 
ferred to  the  Board  by  that  officer  (L.  R.  No.  278),  submitting  plans  of 
heavy  ordnance,  with  description  and  remarks,  was  read,  together  with 
the  inclosures,  and  laid  aside  for  further  consideration. 

The  Board  then  proceeded  to  the  consideration  of  the  several  plans 
of  cast-iron  hooped  guns,  being  those  submitted  by  Mr.  W.  P.  Hunt 

(Design  F,),  by  the  Chief  of  Ordnance  (Plan  ?),  and  by  Dr.  E.  W.  Wood- 
bridge  (Drawing  No.  1),  but,  without  reaching  a  conclusion,  a<youmed, 
to  meet  the  2d  instant  at  11  o'clock  a.  m. 
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Army  Building, 
New  Y(yrlc  City^  May  2,  1882. 

The  Board  met,  pursaant  to  adjournment,  at  11  o'clock  a.  ni. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  Ist  instant  were  read. 

Mr.  John  J.  Williamson  then  addressed  the  Board  in  regard  to  a  steel 
and  wrought-iron  combination  metal,  the  invention  of  Mr.  Eldridsre 
Wheeler,  advocating  the  use  of  the  metal  in  gun  construction.  Mi-. 
Wheeler  introduced  Mr.  Williamson  to  the  Board  by  letter.  (L.  li.  No. 
277.) 

Dr.  W.  B.  Woodbridge  then  addressed  the  Board  in  reference  to  the 
plans  submitted  by  him.    (L.  E.  Ko.  278.) 

The  Board  then  examined  the  several  plans  of  cast-iron  guns  banded, 
with  and  without  tubes,  and  wire-wound,  with  and  without  tubes,  but, 
without  action,  adjourned,  to  meet  the  3d  instant  at  11  o'clock  a.  m. 


Abmy  Building, 
New  York  City,  May  3,  1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  2d  instant  were  read. 

Mr.  H.  E.  Mann  addressed  the  Board  in  reference  to  his  system  of  gun 
construction. 

Dr.  W.  E.  Woodbridge  addressed  the  Board  in  reference  to  the  tests 
of  specimens  from  his  gun,  and  submitted  a  drawing  showing  the  results 
of  some  tests  made  at  the  Washington  navy-yard  in  1879  (L.  R.  No.  282), 
and  stated  what  he  claimed  as  his  own  inventions  in  the  drawings  ot 
guns  and  projectiles  submittted  to  the  Board. 

The  Board  then  examined  and  discussed  the  several  plans  of  cast-iron 
guns  banded,  with  and  without  tubes,  and  wire- wrapped,  with  and  with- 
out tubes,  but,  without  action,  adjourned,  to  meet  on  the  4th  instant  at 
11  o'clock  a.  m. 


Abmy  Building, 
New  York  City,  May  4, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  3d  instant  were  read. 

A  letter  from  the  Chief  of  Ordnance  (L.  E.  No.  280).  transmitting,  for 
the  information  of  the  Board,  a  revised  price-list  of  roreign  ordnance, 
was  read  and  filed  for  reference. 

A  letter  fix)m  Dr.  W.  E.  Woodbridge  (L.  R.  No.  279),  proposing  a 
change  in  the  length  of  his  cast-iron  wire- wound  gun  was  read  and  laid 
aside  for  future  action. 

The  Board  then  proceeded  to  the  examination  and  discussion  of  the 
plans  of  cast-iron  guns  banded,  with  and  without  tubes,  and  wire- wound, 
with  and  without  tubes,  viz:  Those  submitted  by  Mr.  W.  P.  Hunt,  Pres- 
ident of  the  South  Boston  Iron  Company,  Boston,  Mass.  (L.  K.  No. 
269),  marked  Designs  D,  E,  F,  6,  H,  I,  F2,  Ij,  M,  N ;  those  submitted 
by  the  Chief  of  Ordnance  (L.  R.  Nos.  226,  262,  and  276),  marked 
AAABBCCDDEEFFG^  iir^w  i-..  ^1 
17  2;  37  17  27  i;  2;  1,  2;  T,  2,  1;  "2,  1,  ^»  ^^^  ^5  that  submitted  by 
Col.  T.  T.  S.  Laidley,  Ordnance  Department  (L.  R.  No.  273),  inarked 
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Fijcnr©  1»  and  those  submitted  by  Dr.  W.  E.  Woodbridge  (L.  E.  No. 
278),  marked  Plate  I  and  II,  and  the  following  resolution  was  unani- 
mously adopted: 

The  Board  is  of  the  opinion  that  the  combined  cast-iron  and  steel 
guns  represented  in  the  plans  submitted  by  the  Chief  of  Ordnance,  with 
his  letters  of  January  17  and  April  29, 1882,  marked  M  and  H,  and  in 
the  plan  submitted  by  Dr.  W.  E.  Woodbridge,  with  his  letter  of  March 
29, 1882,  modified  by  letter  of  May  3, 1882,  and  marked  Plate  II,  should 
be  constructed  and  tried  for  the  following  reasons : 

1st.  Experience  thus  far  gained  with  similar  guns  promises  for  the 
combination  success  within  usual  limits  of  powder  pressure. 

2d.  They  can  be  readily  and  rapidly  produced  in  this  country  without 
incurring  the  delay  of  sending  to  foreign  countries  for  large  masses  of 
forgexl  steel. 

The  great  weight  of  the  foregoing  guns  recommended  for  test  is,  bow- 
ever,  objectionable,  and  this  Board  would  prefer  such  combinations  of 
materials  possessing  the  highest  tensile  strength  as  will  produce  with 
less  weight  a  gun  capable  of  giving  the  high  velocities  now  sought  for. 
But  while  this  latter  class  of  guns  is  being  developed  through  a  series 
of  careful  and  costly  ex])eriments,  some  cheaper  gun,  though  of  less 
power,  susceptible  of  rapid  production  in  case  of  need,  should  be  deter- 
mined upon  so  that  the  country  may  not  be  left  entirely  defenseless. 

The  plan  of  a  12-inch  M.  L.  rifled  mortar,  presented  by  the  Chief  of 
Ordnance  (L.  R.  No.  276),  and  marked  Plan  L,  was  then  examined,  and 
the  following  resolution  unanimously  adopted: 

The  Board  recommends  that  a  rifled  mortar  be  constructed  for  exper- 
iment, of  the  caliber  and  dimensions  proposed  by  the  Ordnance  Depart- 
ment, with  such  projectiles  as  that  department  may  determine  as  best 
suited  for  the  purpose.  These  mortars  are  very  much  needed  for  har- 
bor defense,  and  emplacements  for  them  have  already  been  made  ready 
at  many  important  places  on  our  sea-coast. 

The  Board  then  examined  and  discussed  the  several  plans  of  all-steel 
guns,  but,  without  action,  acyourned,  to  meet  the  5th  instant  at  11  o'clock 
a.  m. 


Aemy  BurLDiNa, 
New  York  City,  May  6, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  4th  instant  were  then  read. 

A  telegram  from  the  Hon.  Secretary  of  War  to  the  President  of  the 
Board  (L.  R.  No.  283)  asking  that  he  be  informed,  if  possible,  when  the 
report  of  the  Board  could  be  expected,  was  read,  and  by  direction  of  the 
Board  answered  to  the  effect  that  the  report  might  be  expected  on  or 
before  the  25th  instant.     (Jjetter-book  No.  235.) 

The  Board  then  continued  the  examination  and  discussion  of  the 
plans  of  steel  guns,  viz,  those  submitted  by  Mr.  W.  P.  Hunt,  President 
of  the  South  Bo^^ton  Iron  Company,  Boston,  Mass.  (L.  E.  Nos.  254  and 
269),  marked  Designs  A,  B,  J,  K,  L,  and  B3;  those  submitted  by  Mr.  A. 
H.  Emery,  of  New  York  (L.  R.  Nos.  230  and  2:)3),  marked  Plates  1, 2, 3, 
4,  and  5,  and  that  submitted  by  Dr.  W.  E.  Woodbridge  (L.  R.  No. 
278),  marked  Plate  III,  and  the  following  resolution  was  unanimously 
adopted : 

This  Board  is  of  the  opinion  that  an  all-steel  gun  should  be  tested. 
Several  of  the  plans  for  such  guns  presented  to  the  Board — ^notably 
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that  submitted  by  Mr.  W.  P.  Hunt,  with  his  letter  of  April  16, 1882, 
marked  Design  B ;  that  submitted  by  Mr.  A.  H.  Emery,  with  his  letter 
of  January  23, 1882,  marked  Plate  5 ;  and  that  submitted  by  Dr.  W.  E. 
Woodbridge,  with  his  letter  of  March  29, 1882,  marked  Plate  III — have 
undoubted  merit.  Of  these  we  prefer  the  design  of  Mr.  Hunt,  but  rec- 
ommend for  construction  and  trial  a  10-inch  gun,  after  the  same  plan, 
instead  of  the  8-inch  gun  shown  on  the  drawing.  Although  aware  that 
the  construction  of  this  gun  is  not  at  this  time  within  the  facilities  af- 
forded by  our  own  manufactories,  and  will  therefore  involve  the  impor- 
tation of  the  large  steel  tubes  that  go  to  make  up  the  piece,  we  still 
think  the  gun  should  be  tried  to  test  the  system  as  compared  with  other 
systems  recommended,  especially  the  forged  steel  and  wire  guns. 

The  Board  then  examined  and  discussed  the  several  plans  of  steel- wire 
guns,  but,  without  action,  adjoumed,'to  meet  the  8th  instant  at  11 
^clock  a.  m. 


Army  Building, 
New  York  City^  May  8, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  5th  instant  were  read. 

The  Board  continued  the  examination  and  discussion  of  the  plans  of 
steel-wire  guns,  but  final  action  thereon  was  deferred. 

A  letter  Irom  Maj.  S.  C.  Lyford,  Ordnance  Department  (L.  E.  No.  281), 
submitting  plan  and  giving  a  description  of  the  method  of  constructing 
a  12-inch  wrought-iron  gun,  was  read. 

After  careful  examination  and  lengthy  discussion  the  following  reso- 
lution was  unanimously  adopted  in  reference  thereto : 

It  is  the  opinion  of  the  Board  that  the  plan  for  a  wrought-iron  gun 
presented  by  Maj.  S.  C.  Lyford,  Ordnance  Department,  may  be  practica- 
ble for  the  lower  caliber  guns,  but  that  it  is  of  doubtful  use  for  those  of 
larger  caliber,  which^  it  is  believed,  can  be  better  made  of  other  mate- 
rial, and  the  gun  is  therefore  not  recommended  for  trial. 

After  some,  discussion  the  Board  adjourned,  to  meet  the  10th  instant 
at  11  o'clock  a.  m. 


Army  Building, 
New  York  City,  May  10, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock  a.  m. 

Present :  All  the  members  and  the  recorder. 

The  proceedings  of  the  8th  instant  were  read. 

A  letter  from  Messrs.  Eastland  &  Bonshire,  of  Sharpsburg,  Pa.  TL.  R. 
No.  284),  calling  the  attention  of  the  Board  to  their  glass  '^bomb  shell,'' 
and  requesting  its  examination,  was  read. 

The  recorder  was  directed  to  inform  Messrs.  Eastland  &  Bonshire 
that  the  subject  of  explosive  shells  is  not  deemed  within  the  scope  of 
the  Board's  investigations,  which  are  confined  strictly  to  inventions  and 
improvements  in  heavy  ordnance  and  projectiles.    (Letter-book  No.  236.) 

A  letter  from  Mr.  W.  T.  Arrick,  of  Washington,  D.  C.  (L.  E.  No.  285), 
submitting  a  "blue  print"  of  the  "Eureka"  projectile,  and  requesting 
its  careful  consideration,  was  read  and  filed. 

The  subject  had  already  been  acted  upon.  (See  page  180,  proceedings 
of  the  Board.) 

A  copy  of  the  letters  patent  in  the  case  of  Mr.  Eldridge  Wheeler's 
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'improvement  in  working  cast  malleable  metals  "  (L.  B.  No.  286)  was 
received  and  filed. 

The  method  of  working  had  been  personally  explained  to  the  Board 
by  Mr.  John  J.  Williamson.    (See  page  201,  proceedings  of  the  Board.) 

A  letter  from  Col.  S.  Crispin,  Ordnance  Department  (L.  E.  No.  287), 
calling  the  attention  of  the  Board  to  the  two  inclosed  drawings,  em- 
bodying Captain  Sehultz's  plan  for  the  division  of  strains  in  the  con- 
stmction  of  heavy  cannon,  which  he  deems  worthy  of  consideration, 
and  also  referring  to  the  system  of  obtnration,  the  device  of  Colonel  de 
Bauge,  now  in  use  in  the  French  land  service,  was  read. 

The  Board  then  continued  the  examination  and  discussion  of  the  plans 
of  steel-wire  guns,  viz:  Those  submitted  bv  Dr.  W.  E.  Woodbridge  (L. 
E.  No.  278),  marked  Plate  IV,  V,  VI,  and  VII;  that  submitted  by  the 
Chief  of  Ordnance  (L.  E.  No.  276);  that  submitted  by  Mr.  B.  B.  Hotch- 
kiss,  of  Paris,  France,  through  the  Chief  of  Ordnance  (L.  E.  No.  260) ; 
those  submitted  by  Mr.  W.  P.  Hunt,  President  of  the  South  Boston  Iron 
Company,  Boston,  Mass.  (L.  E.  No.  269),  marked  Designs  O  and  P;  that 
submitted  by  Lieut.  C.  C.  Morrison,  Ordnance  Department  (L.  E.  No. 264); 
and  that  submitted  by  Col.  S.  Crispin,  Ordnance  Department  (L.  E.  No. 
287).  With  reference  to  the  plans  submitted  by  Dr.  W.  E.  Woodbridge, 
marked  Plates  V  and  VI,  the  following  resolution  was  proposed: 

The  plan  of  gun  construction  presented  by  Dr.  W.  E.  Woodbridge, 
consisting  of  a  steel  tube  wire  wrapped  and  brazed,  is  not  recommended 
for  construction  and  test,  because  the  construction  of  the  10-inch  gun 
and  the  trials  made  subsequently  of  it  do  not  give  promise  of  its  success 
in  the  construction  of  large  guns. 

The  resolution  was  not  adopted. 

Noes — Major  Mendenhall,  Colonel  Tower,  and  General  Getty — 3. 

Ayes — Major  Parker  and  Lieutenant-Colonel  Buffington — 2. 

The  following  resolution  was  then  proposed  as  a  substitute  and 
adopted : 

A  gun  of  10-inch  caliber,  after  the  design  of  Dr.W.  E. Woodbridge,  was 
recommended  for  construction  by  the  Board  on  Heavy  Eifled  Ordnance, 
convened  by  General  Orders  No.  57,  of  June  28,  1872.  This  device  in- 
volved a  steel  tube  to  be  bound  around  by  steel  wire  under  the  requisite 
tension,  and  to  be  united  by  brazing  with  bronze.  The  gun  was  con- 
structed at  Frankford  Arsenal,  and  submitted  to  the  trial  of  ninety- 
three  rounds,  eighty-three  of  which  were  fired  under  the  direction  of 
this  Board.  It  burst  into  two  parts,  just  behind  the  trunnions,  under 
a  powder  pressure  of  about  80,000  pounds  to  the  square  inch,  as  meas- 
ured by  the  Eodman  gauge.  An  examination  and  tests,  at  the  Water- 
town  Arsenal,  of  sections  cut  from  the  broken  gun,  revealed  the  fact 
that  the  brazing  was  imperfect.  Several  difficulties  occurred  in  the 
coustiiiction  of  this  piece  from  the  lack  of  experience  in  applying  the 
brazing  system  to  so  large  a  mass;  and  further  it  seems  probable  that 
undue  initial  strains  were  developed  on  the  exterior  in  cooling,  which 
assisted  largely  in  producing  the  transverse  rupture.  Could  the  brazing 
have  been  moderately  well  elected  and  the  interior  and  exterior  coolings 
properly  regulated,  it  is  believed  that  the  gun  would  have  been  excep- 
tionally strong.  It  is  a  merit  of  this  method  of  construction  that  the 
material  is  not  liable  to  give  way,  causing  rupture,  without  previous  in- 
dications. The  transverse  crack  behind  the  trunuions  where  the  rup- 
ture took  place  increased  during  the  firing  by  increments  so  minute 
that  from  the  sixty-fifth  to  the  eighty-fifth  round  that  increase  amounted 
to  only  one  one-hundredth  of  an  inch.    There  could,  tl^erefore,  be  little  if 
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any  apprehension  that  guns  made  after  Dr.  Woodbridge^s  system  would 
burst  without  previous  warning,  though  imperfectly  constructed. 

In  view  of  the  fact  that  the  gun  tried  stood  quite  severe  tests,  not- 
withstanding its  imperfections,  and  that  the  plant  used  in  its  construc- 
tion still  exists  at  Frankford  Arsenal,  it  is  recommended  that  another 
10-inch  gun,  after  the  model  presented  by  Dr.  Woodbridge  (Plate  VI 
accompanying  his  letter  of  March  29,  1882),  be  made  for  ^rther  trial. 
It  is  suggest^  that  the  method  of  strengthening  the  walls  of  the  gun 
as  against  longitudinal  strains,  shown  on  his  drawing  for  a  12-inch  gun 
(PJate  rV)j  be  adopted  in  the  construction  proposed. 

Ayes — Major  Mendenhall,  Colonel  Tower,  and  General  Getty — 3. 

Noes — Major  Parker  and  Lieutenant-Colonel  Buffington — 2. 

With  reference  to  the  plan  submitted  by  Mr.  B.  B.  Hotchkiss,  through 
theChief  of  Ordnance,  the  following  resolution  was  unanimously  adopted : 

The  plan  of  a  steel  and  wire  gun  designed  by  Mr.  B.  B.  Hotchkiss, 
and  presented  by  the  Chief  of  Ordnance,  being  only  of  6-inch  caliber, 
hardly  comes  within  the  category  of  heavy  ordnance,  while  the  informa- 
tion given  is  very  meager  as  to  details  of  construction.  It  is  submitted 
confidentially  to  the  Board,  which  alone  precludes  any  official  considera- 
tion of  and  report  upon  its  merits.  It  is  therefore  respectfully  returned 
to  the  Chief  of  Ordnance. 

In  reference  to  the  plan  submitted  by  the  Chief  of  Ordnance  the  fol- 
lowing resolution  was  unanimously  adopted: 

Though  the  wire  gun  has  had  but  a  limited  trial,  it  seems  to  promise 
the  strength  requisite  for  the  attainhient  of  high  initial  velocities.  The 
precise  combination  of  parts  that  will  give  the  best  results  for  steel  wire 
guns  has  not  as  yet  been  arrived  at.  To  reach  the  solution  of  the  prob- 
lem it  will  be  necessary  to  experiment  with  difierent  gun  constructions 
after  this  general  method,  and  it  is  with  this  view  that  the  Board  rec- 
ommends that  the  8inch  wire  gun  presented  by  the  Ordnance  Depart- 
ment be  constructed  for  trial. 

With  reference  to  the  plan  submitted  by  Dr.  W.  E.  Woodbridge, 
marked  Plate  IV,  the  following  resolution  was  unanimously  adopted: 

It  is  the  opinion  of  the  Board  that  the  plan  of  a  12-inch  gun  submitted 
by  Dr.W.  E.  Woodbridge  (Plate  IV)  accompanying  his  letter  of  March  29, 
1882,  consisting  of  steel  tubes  and  bars,  strengthened  by  wire  wrapped 
and  soldered,  presents  a  combination  and  arrangement  of  material  and 
parts  which  gives  sufficient  promise  of  strength  to  warrant  a  trial  of 
this  system  of  construction.  The  large  charge  of  powder  and  heavy 
shot  proposed  to  be  used  places  it  in  the  front  rank  of  high-power  guns, 
and  while  there  may  be  some  doubt  as  to  its  ability  to  endure  what  is 
claimed  for  it,  especially  with  the  present  arrangement  of  the  two  tubes, 
it  is  believed  that  a  high-power  gun  can  be  made  on  this  general  plan, 
and  it  is  with  this  view  that  the  Board  recommends  that  a  10-inch  gun 
on  this  plan  be  made  and  submitted  to  actual  test. 

The  plan  of  an  18-inch  brazed  steel  wire  gun,  re-enforced  with  wire 
soldered,  submitted  by  Dr.  W.  E.  Woodbridge,  marked  Plate  VII,  was 
laid  asiue,  being  of  too  large  a  caliber  to  warrant  a  recommendation 
for  its  actual  test,  since  experiments  to  test  the  efficiency  of  the  wire 
system  are  but  just  commenced  with  guns  of  6-inch,  8-inch,  and  10-iuch 
calibers. 

Pending  further  consideration  of  the  plans  before  it,  the  Board  then 
adjourned  to  meet  the  lltJi  instant  at  11  o'clock  a.  m. 
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Abmy  Building, 
New  York  Oity^  May  11, 1882. 

The  Board  met,  parsaant  to  adjournment,  at  11  o'clock  a.  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  10th  instant  were  read. 

The  Board  continued  the  examination  and  discussion  of  the  plans  of 
steel-wire  guns  still  before  it. 

With  reference  to  the  plan  submitted  by  Col.  S.  Crispin,  Ordnance 
Department,  marked  Plan  I,  the  following  resolution  wa«  adopted: 

The  design  for  a  wire- wrapped  B.  L.  steel  rifle  gun  after  the  plan  of 
Captain  Schultz,  French  artillery,  for  securing  a  division  of  strains,  pre- 
sented for  the  consideration  of  this  Board  by  Colonel  Crispin  of  the  Ord- 
nance Department,  having  already  been  tried  abroad  with  more  or  less 
success,  is  recommended  for  test  in  common  with  the  other  designs  of 
wire  guns  heretofore  recommended,  with  a  view  to  determining  the  best 
combination  of  parts  for  this  general  system  of  gun  construction. 

Ayes — Mjyor  Mendenhall,  Major  Parker,  Colonel  Tower,  and  General 
Getty— 4. 

Noes — Lieutenant-Colonel  Buffington — 1. 

Lieutenant-Colonel  Buffington  stated  that  he  voted  no  for  the  follow- 
ing reasons,  viz : 

The  line  or  lines  of  resistance  in  any  machine  should  coincide  as  far 
a  possible  to  the  force  or  forces  to  be  resisted,  which  is  not  the  case  in 
this  gun,  the  longitudinal  support  being  far  removed  from  the  center. 
The  assembling  of  the  rods  for  this  support  around  the  exterior  of  the 
gun  is  a  clumsy  and  unmechanical  construction  that  may  give  rise  to 
the  necessity  of  special  carriages  for  its  use.  Any  loosening  of  the  nuts, 
as  is  shown  by  experience  in^bridge  structures  using  similar  rods  and 
nuts,  or  any  giving  way  of  the  threads  of  the  nuts  or  rods,  would  prove 
disastrous  to  the  gun  and  those  around  it.  It  is  a  foreign  invention  on 
which  royalties  may  be  claimed,  possessing  no  particular  advantages 
over  wire  and  steel  guns  already  recommended  by  this  Board  for  con- 
struction and  test.  And,  lastly,  no  details  of  construction  and  cost  for 
this  particular  gun  are  given  so  that  an  intelligent  opinion  maybe  formed 
of  essential  points  to  be  considered  before  recommendation. 

In  reference  to  the  plans  submitted  by  Mr.  W.  P.  Hunt,  marked  De- 
signs O  and  P,  and  that  submitted  by  Lieut.  C.  C.  Morrison,  Ordnance 
Department,  the  following  resolution  was  unanimously  adopted : 

The  plans  submitted  by  Mr.  W.  P.  Hunt,  president  of  the  South  Bos- 
ton Iron  Company,  Boston,  Mass.,  with  his  letter  of  April  15, 1882,  and 
marked  Designs  O  and  P,  and  that  submitted  by  Lieut.  C.  C.  Morrison, 
Ordnance  Department,  with  his  letter  of  April  9, 1882,  are  not  recom- 
mended for  construction  and  trial. 

The  plans,  specifications,  estimates,  &c.,  presented  by  Mr.  H.  F.  Mann, 
of  Pittsburg,  Pa.  (L.  E.,  Nos.  205  and  258),  were  then  taken  up  for  final 
action,  the  plan  for  a  12-inch  rifle  discussed  at  length,  and  the  follow- 
ing resolution  unanimously  adopted: 

This  gun  consists  of  a  cast  iron  barrel  bound  around  the  powder  cham- 
ber by  steel  bands.  It  is  30  feet  in  length,  weighs  92,000  pounds,  and 
is  balanced  on  its  trunnions.  The  breech  fermeture  is  held  to  the  trunn- 
ions by  heavy  steel  straps,  the  whole  arrangement  weighing  37,000 
pounds  additional  to  the  weight  of  the  barrel,  giving  a  total  weight  of 
129,000  pounds.  This  fermeture  is  the  characteristic  feature  of  the  gun, 
and  is  the  invention  of  Mr.  Mann.  The  principal  objection  to  it  is  its 
great  weight,  but,  further,  it  necessitates  the  turning  of  the  barrel  of 
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the  gon  on  its  tniDnions  throagh  an  arc  of  abont  1(P  and  back  again  at 
each  discharge,  requiring  the  expenditure  of  more  time  and  force  than 
for  either  the  Ejapp  wedge  or  the  slotted  screw  systems.  The  piece  pos- 
sesses no  advantages  over  the  cast-iron  gun  bound  with  steel  bands  and 
with  the  screw  fermeture  recommended  by  this  Board  for  trial,  unless 
it  be  that  it  gives  greater  security  against  transverse,  rupture.  Trials, 
however,  of  guns  of  similar  construction,  but  with  the  simple  screw  fer- 
meture, have  proved  successful  within  moderate  limits  of  powder  press- 
ure—all that  is  claimed  for  the  design  of  Mr.  Mann,  as  is  evidenced  by 
his  powder  charge  and  weight  of  projectile.  The  only  apparent  merit 
of  the  structure  consists  in  relieving  the  body  of  the  gun  Irom  longitudi- 
nal strains,  and  transferring  them  through  the  attached  breech  by  means 
of  steel  straps  to  the  trunnions.  But  in  view  of  the  objections  set  forth 
above  to  the  fermeture  itself— the  specialty  of  Mr.  Mann's  invention — 
this  Board  fails  to  see  suf&cient  reasons  for  recommending  the  gun  for 
construction  and  trial. 

The  plan  of  a  projectile  submitted  by  Mr.  H.  F.  Mann  with  his  letter 
of  November  16, 1881,  and  marked  Plate  III  (L.  E.  No.  205),  was  then 
carefully  examined,  and  the  following  resolution  unanimously  adopted : 

The  particular  merit  claimed  by  Mr.  Mann  for  his  projectile  is  the 
number,  position,  and  mode  of  attachment  of  the  bands.  The  question 
how  these  details  will  afifect  the  strength  and  penetrating  power  of  the 
projectile  can  only  be  settled  by  future  experiment,  and  it  is  therefore 
recommended  that  this  projectile  be  tried  by  the  Ordnance  Department 
with  others,  when  circumstances  and  opportunity  are  favorable. 

The  plan  of  a  projectile  submitted  by  Dr.  W.  E.  Woodbridge,  with  his 
letter  of  March  29, 1882,  marked  Plate  Vin  (L.  R.  ]No.  278),  was  th^n 
examined,  and  the  following  resolution  unanimously  adopted : 

The  rifle  projectile  proposed  by  Dr.  W.  E.  Woodbridge,  shown  in 
Plate  VIII,  accompanying  his  letter  of  March  29,  1882,  is  recommended 
as  worthy  of  actual  test  in  competition  with  other  projectiles. 

The  Board  then  a^oumed,  to  meet  the  12th  instant  at  11  o-'clock  a.  m. 


Aemt  Building, 
New  York  City^  May  12, 1882. 

The  Board  met,  pursuant  to  adjournment,  at  11  o'clock,  a  m. 

Present:  All  the  members  and  the  recorder. 

The  proceedings  of  the  11th  instant  wei-e  read. 

A  letter  from  Mr.  H.  F.  Mann,  of  Pittsburgh,  Pa.  (L.  R.  No.  288),  sub- 
mitting  copies  of  his  letters  patent  and  of  his  remarks  before  the  Com- 
niittee  on  Naval  Affairs  of  the  House  of  Representatives,  and  request- 
ing that  they  be  filed  with  his  previous  papers,  was  read,  and  the  papers 
filed  as  requested. 

.  The  Bosurd  then  discussed  at  length  the  question  of  the  form  and  ar- 
rangement of  its  report,  and  to  allow  time  for  its  preparation  adjourned, 
to  me^t  at  the  call  of  the  president. 


ABMY  BFILDINa, 

New  York  Cityj  May  18, 1882. 

The  Board  met,  at  the  call  of  the  president,  at  11  o'clock  a.  m. 
Present:  All  the  members  and  the  recorder. 
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The  proceedings  of  the  12th  instant  were  read. 
The  report  of  the  Board  was  then  read  and  signed. 
The  proceedings  of  the  Board  were  then  signed,  and  the  Board  ad- 
journed. 

GEOEGE  W.  GETTY, 
.    Brevet  Major-Oeneral  and  Colonel  Third  ArtiUery. 

Z.  B.  TOWER, 
Colonel  of  Engineers  and  Brevet  Major- OeneraL  U.  8.  A. 

A.  R.  BUFFmGTOl^, 
Lieutenant-Colonel  of  Ordnance, 
F.  H.  PARKER, 

Major  of  Ordnance. 
JOHN  MENDENHALL, 
Major  First  Artillery^  Brevet  Colonel^  TT.  8.  A. 
F.  E.  HOBBS, 

Second  Lieutenant  Second  Artillery y  Recorder, 
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Appendix  18. 

PROGREShJ  REPORT  ON  EXPERIMENTAL  CANNON  POWDERS. 

BY  CA.PT.  CHARLKK  K.  s»MrrH.  OKDNANCK  DKFAKTMKNT. 

lu  August  and  September,  1882,  some  firings  were  made  with  ithe  12.25- 
iiichmuzz1e-loadingrifle,usingtwosamp1esof  powder, to  wit:  onemarked 
I.  Q.,  of  density  1.804  and  granulation  of  11;  the  otber  marked  I.  R.,  of 
density  1.800  and  granulation  of  30.  The  principal  object  of  these  firings 
was  to  ascertain  how  great  a  length  of  charge  could  be  employed  with- 
out the  occurrence  of  wave  action;  it  being  the  intention  to  compen- 
sate for  the  increased  weight  of  the  charge  by  suitably  regulating  the 
air  space,  so  that  with  the  largest  charge  that  might  be  employed  the 
normal  pressure  should  be  restricted  to  37,000  pounds.  The  length  of 
bore  to  be  occupied  by  the  charge,  for  a  given  air  spaee,  having  been 
previously  calculated,  it  was  laid  off  from  one  end  of  the  rammer  staff, 
and  to  it  was  added  the  length  of  the  projectile.  By  this  means  a  point 
of  reference  was  established  for  the  position  of  the  projectile,  when  the 
piece  was  loaded.  The  ign  ition  of  the  cartridge,  with  the  larger  charges, 
was  effected  on  the  interior  of  the  cartridge  by  means  of  a  brass  tube, 
containing  a  priming  of  rifle  powder,  which  was  exploded  by  an  ordi- 
nary electric  primer.  The  brass  tube  entered  by  the  rear  vent,  and 
penetrated  the  cartridge  to  about  half  its  length.  This  plan  answered  its 
purpose  very  well,  though  some  modification  in  its  application  was  sug- 
gested by  the  experiments.  It  could  be  safely  relied  on  to  prevent  the 
ignition  from  commencing  at  the  bottom  of  the  bore.  After  firing  one 
charge  of  75  pounds  with  each  sample,  the  I.  Q.  powder  was  selected  as 
the  one  better  adapted  to  the  experiments  in  view,  although  some  firings 
were  afterwards  made  with  I.  R.  to  ascertain  its  comparative  qualities. 
It  was  the  intention,  the  pressure  permitting,  to  gradually  increase  the 
charge  to  200  or  205  pounds,  so  as  to  attain  a  length  of  bore  occupied 
by  the  charge  of  from  5  to  6  calibers,  but  after  reaching  the  charge  of 
180  pounds,  the  I.  Q.  sample  became  exhausted,  and  further  experiments 
in  this  direction  had  to  be  postponed  till  another  lot  of  powder  could  be 
procured.  The  records  of  firing  with  both  powders  follow.  After  the 
firing,  the  gun  was  carefully  star-gauged  and  examined,  and  appeared 
to  be  in  a  good  condition. 

CHAS.  S.  SMITH, 
Captain  of  Ordnance. 
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REPORT  ON  EUROPEAN  ORDNANCE  AND  MANUFACTURES. 

BY  COL.   S.   CRISPIN,   ORDNANCE  DBPARTMBNT. 

(30  plates.) 

ENGLISH  HE  A  VY  ORDNANCE. 

9 

(14  plates.) 

The  built-up  gun  construction  of  Great  Britain,  the  germ  of  which  is 
to  be  found  in  the  coiled  weldeil  system  of  Sir  William  Armstrong,  in- 
troduced to  the  artillery  world  in  1852  in  the  form  of  a  breech-loading 
cannon,  but  parsing  from  that  date  through  numerous  and  important 
changes,  especially  the  thickening  of  the  coils  and  the  introduction  of 
tempered  steel  lining  tubes,  is  the  one  which  is  still  adhered  to,  in  its 
general  principles,  by  the  ordnance  constructors,  both  public  and  private, 
of  the  English  nation. 

The  failure  of  the  Armstrong  breech>loading  guns,  and  the  subsequent 
Introduction  of  muzzle-loading  cannon  in  lieu  thereof,  in  1869,  did  not 
change,  however,  one  of  the  essential  features  of  the  present  construc- 
tion— the  employment  of  coiled  welded  wrought-iron  sections — but  led  to 
the  modified  form  of  their  production  known  as  the  Eraser  system,  and 
the  introduction  of  comparatively  thin  oil-tempered  steel  tubes  for  the 
interior  lining. 

The  most  prominent  guns  produced  under  this  new  system,  which  first  at- 
tracted universal  attention  on  account  of  their  great  comparative  power, 
were  the  25,35,  and  38  ton  guns;  but  these,  as  is  well  known,  were  quickly 
superseded  by  the  16-inch  80-ton  gun,  and  it,  in  its  turn,  by  the  largest 
of,  as  yet,  constructed  ordnance — the  100-ton  guns  of  the  Armstrong 
model.    (Plate  I.) 

Eegarding  the  broad  principles  underlying  the  construction  of  the 
Woolwich  guns,  the  English  authorities  claim  that  they  produce  a 
system — 

where  we  not  only  make  each  portion  of  the  metal  do  its  proper  amount  of  work 
by  shrinking  one  coil  over  another,  hat  also  nse  a  tnbe  of  stronger  material,  steel, 
for  the  inner  barrel.  We  employ  this  latter  not  only  because  we  gain  by  its  longi- 
tndinal  strength,  bnt  more  especially  because  steel  gives  us  a  hard,  smooth  surface, 
18  much  stronger  than  wrought  iron,  and  free  from  flaws.  Its  elastic  limit  is  also 
much  greater  than  that  of  wrought  iron,  especially  when  toughened  in  oil  (as  30  to^s 
to  12  toDs),  so  that  it  can  stand,  without  deformation,  a  pressure  which  would  per- 
manently stretch  a  wrought-iron  barrel. 

Also: 

In  our  heavy  rifled  muzzle-loading  guns  we  thus  make  use  of  the  several  methods 
employed  to  make  every  portion  of  the  metal  do  its  proper  amount  of  work.  In  this 
way  we  avoid,  as  far  as  possible,  extra  weight,  and  succeed  in  making  guns  so  strong 
that  we  may  assert,  without  fear  of  contradiction,  that  in  the  system  of  construction 
now  pursued  by  us,  though  theoretically  it  may  not  be  perfect,  we  have  the  safest, 
cheapest,  and  most  simple  system  of  manufacturing  heavy  ordnance  which  at  present 
«uats. 

an 
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The  theoretical  consideration  that  the  ratio  of  the  capacities  for  work 
of  two  tabes  is  only  approximative! j  directly  as  their  thicknesseSy  or. 
generally  speaking,  that  a  thin  tnbe  has  more  relative  strength  than  a 
thick  one  to  withstand  interior  bursting  strains,  is  the  essence  of  thi:^ 
theory  of  the  bnilt-np  gnns  of  the  English  model,  and  it  is  practically 
carried  ont  in  their  present  constructions ;  the  inference  to  be  drawn  be- 
ing that  a  homogeneous  structure,  having  no  subdivisions  in  its  wall^. 
does  not  bring  into  play  the  full  strength  of  the  entire  thickness  while 
under  stress;  and  that  guns  constructed  homogeneously,  however  thick, 
cannot  sustain  long,  pressures  exceeding  the  tensile  strength  of  the 
metal  employed. 

Sanctioning  the  soundness  of  the  theory  that  only  by  built-up  con> 
stmctions  the  most  i>owerfnl  and  yet  reliable  guns  can  be  produced, 
the  next  point  for  consideration  is  the  arrangement  of  the  different 
metals  entering  into  the  labrication,  so  that  the  stronger  metal  (steers- 
Khali  I'orin  the  walls  snrroiuiding  the  Inire,  and  that  the  superimposed 
layers  ol  wrou$^ht  iron  Kliall  be  so  placed  on,  that  each  part,  from  the 
l>ore  to  the  exterior,  shall  be,  as  far  as  possible,  under  strain  in  accord- 
ance with  its  capacity  for  work,  considered  in  reference  to  tangential 
strains. 

The  English  authorities  state : 

Thia  object  we  may  obtuin  by  employing  a  single  metal  for  the  seTeral  portion«^ 
and  to  dispofiing  the  varioitB  layers  over  each  other,  that  the  inner  layers  or  tubes  arr 
compressed  by  tho«w  oatside  them,  while  the  exterior  tubes  are  at  the  same  time  put 
into  a  state  of  tension,  the  inner  layers  being  thus  strengthened  at  the  expense  of  th^ 
outer  portions  of  the  metal.  In  this  case  we  obtain  the  whole  strength  of  all  the  lay- 
ers except  a  part  of  that  of  the  outer  and  unsupported  ring.  It  must  not,  however,, 
be  for  one  moment  supposed  that  this  theoretical  perfection  is  ever  reached ;  the  near- 
est approach  to  it  is  tar  from  perfect,  and  theoretic  advantages  have  to  give  way 
largely  to  practical  considerations  of  manufacture. 

Again,  we  may  arrive  at  a  similar  result  by  employing  metals  varying  in  eltu-- 
ticity  or  in  tenacity  for  the  several  parts,  those  possessing  the  largest  amount  of 
strength  constituting,  of  course,  the  inner  portions,  so  that  where  the  greatest  stress 
is  felt,  it  will  be  l>orne  by  the  stronger  material. 

These  two  methmls  are  sometimes  called  respectively  those  of  initial  tension  and 
of  varying  elaMticities.  They  may  be,  and  frequently  are,  both  employed  in  the  man- 
ufacture of  a  gun,  as  in  the  case  of  our  so-called  Woolwich  guns. 

The  longitudinal  strain  is  provided  for  by  the  thick  solid-bottomed 
steel  tube,  and  the  breech-plug  screwed  into  the  wrought  iron  coiled 
tube  superimposing  the  inner  tube,  brings  into  play  (in  the  latest  model)* 
the  strength  resulting  from  locking  the  tube  and  other  parts  together. 

The  construction,  brietly,  we  know  is  a  steel  tube,  over  which  is  shrunk 
coiled  wrought-iion  tubes ;  the  majority  of  the  larger  calibers,  except 
the  100-ton  gun,  having  only  two  layers  of  wrought  iron  tubes;  the  lat- 
ter more  perfectly  brings  into  use  the  priiicii)les  of  initial  tension,  by 
having  the  wrought  iron  casing  subdividwl  into  three  instead  of  two 
parts. 

On  theoreticjal  <onsiileraiioiis,  the  large  number  of  coils  employed  in 
the  original  Armstrong  ex)n8truction  enabled  the  designers  more  per- 
fectly to  carry  out  the  idea  of  initial  tensions  by  shrinkage;  yet  its  ex- 
pensiveness  led  to  its  abandonment,  and  the  substitution  of  larger  and^ 
in  consequence,  fewer  coils;  thus  more  imperfectly  applying  the  prin- 
ciples which  it  was  songlit  to  follow  as  the  true  ones  in  making  guns. 
Although  economy,  the  object  of  the  change,  was  attained,  yet  it  is 
doubtful,  from  the  large. masses  employed,  if  the  result  is  more  than  a 
ver>*  rough  approximation  to  the  asserted  theories  of  construction.  The 
broad  ditJejeuees  in  the  physical  properties  of  wrought  iron  and  steeU 
t.  c,  diflereijces  in  elasticity  and  ductility  and  tensile  strength,  render 
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problematical,  it  seems  to  me,  the  perfect  ooo)>eratioii  of  the  two  met- 
als, under  repeated  strains  Huch  as  attaiu  iu  the  use  of  guns;  and  it 
would  seem  that  the  more  elastic  and  less  extensible  steel,  in  imparting 
it«  stress  to  the  adjacent  iron  repeatedly^  would  enlarge  the  latter  by  de^ 
grees,  so  that  eventually  it  would  form  but  an  imperfect  support  to  the 
former,  which  would  in  that  case  more  or  less  bear,  in  the  system,  the 
bunlen  of  the  work  iu  resisting  tangential  strains ;  and  that  its  rupture 
under  severer  treatment  would  be  finally  the  result.  The  manner  in 
which  this  system  in  manufacture  is  practically  carried  out  needs  only,  * 
in  view  of  the  full  description  printed  for  public  use,  be  but  generally 
stated. 

The  tubes  are  generally  of  Firth's  production — a  description  of  which 
will  be  given  under  the  general  heading  of  "  Steels'' — and  are  furnished 
under  contract  at  the  Woolwich  Arsenal.  They  are  solid  ingots  which 
are  first  roughly  bored  and  turned,  and  then  tempered  in  rape-oil.  The 
jackets  or  coils,  shrunk  over  the  steel  tube,  in  the  heaviest  natures, 
range  iu  number  according  to  the  length  of  the  gun.  Generally  two 
layers  of  coils  cover  the  breech  part,  all  assembled  in  accordance  with 
the  principle  of  initial  tension. 

Tlie  details  of  construction  are  fully  given  in  English  text-books,  and 
need  not  l)e  alluded  to  here*.  The  lOOton  gun — the  latest  English  muz- 
-zle  loa<ling  construction — generally  speaking,  ditt'ers  from  inferior  cal- 
ibers by  the  large  number  of  shoulders  provided  on  the  steel  tube,  the 
latter  being  made  in  two  parts,  united  together  by  a  wroughtiron  ex- 
terior band,  and  in  the  greater  number  of  subdivisions  of  the  jackets, 
or  rather  that  the  bancis  are  relatively  narrower  than  on  other  fabri- 
4]^tions ;  besides,  three  layers  attain  at  breech,  rendering  it  a  more  thor- 
-oughly  built  up  gun  construction.  Pour  of  these  guns— made  by  Sir 
William  Armstrong  &  Co.,  Newcastle-on-Tyne — now  form  part  of  the 
armament  of  Great  Britain  aiul  her  colonies,  and  now  await  their  em- 
plHcements  to  be  prepared  for  them  at  Malta  and  Gibraltar.  We  are 
informed  that  **  guns  have  already  been  designed  and  could  be  readily 
made  at  Woolwich,  which  would  surpass  the  letter  (lOO-ton  gun)  in 
power,  to  as  great  an  extent  as  they  themselves  surpass  the  38ton 
-service  gun." 

The  English  Government  establishment,  however,  has  not  produced 
any  muzzle-loading  constructions  higher  than  the  80-ton  gun,  a  gun, 
from  the  large  ftvcilities  and  perfected  machinery  of  Woolwich,  giving 
us  the  best  exhibit  of  the  Armstrong-Eraser  system.  (See  Plate  II.) 
'  That  no  recent  attempts,  however,  to  introduce  higher  natures  of  muz- 
zle-loading guns  have  been  made,  is  fully  justified,  in  my  judgment, 
by  the  important  developments  of  Krupp's  experiments  at  Meppen  in 
August,  1879,  and  by  the  disasters  occurring  on  board  the  English  iron- 
clad the  Thunderer  in  the  same  year;  the  first  calling  attention  to  the 
presumed  superiority  of  breech-loading  guns — since  accorded — in  afford- 
ing  less  exposure  to  men;  reduced  size  of  embrasures  securing  greater 
rapidity  of  fire ;  increased  length  of  bore,  aiul  hence  greater  power ;  and 
also  affording  greater  facilities  for  bore  examinations,  and  permitting 
an  ease  in  loading  not  afforded  in  long-bored  muzzle  loading  guns;  and 
the  latter  exhibiting  the  dangers  arising  from  the  possibilities  of  double 
charging,  and  the  cumbersomeness  and  complications  of  loading  devices 
necessary  for  the  use  of  muzzle- loading  guns,  more  e^i>ecially  in  the 
naval  service,  where  economy  of  space  is  a  matter  of  vital  importance. 

Although  the  developments  at  Meppen  and  the  Thunderer  misfor- 
tune only  occurred,  say,  three  years  ago,  yet  such  was  the  moral  effect 
xhat  immediate  steps  were  instituted  to  develop  breech-loading  guns  of 
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12-inch  caliber  and  lower  natures  ;*  and  to-day  we  find  the  English  au- 
thorities, even  while  the  43-ton  gun  is  yet  experimental — having  been 
fired  at  the  proof-gronnd,  and  being  now  at  the  Woolwich  Arsenal  for 
alteration  of  the  screw  breech — have  in  process  of  construction  ten  guns 
of  the  same  type ;  the  Messrs.  Firth  &  Sons,  Shefiield,  having  an  order 
for  the  steel  tubes,  which  were  in  ])roce88  of  construction  at  my  recent 
visit  to  their  works  in  October,  1881. 

These  guns  will,  in  all  probability,  be  finished  on  the  original "  Wool- 
wich construction"  5  that  is  to  say,  coiled  wroughtirou  jackets  over  the 
steel  tubes. 

The  experimental  gun,  so  far  as  information  could  be  obtained  regard- 
ing it,  is  shown  on  Plate  III. 

It  will  be  seen  that  the  gun  is  chambered,  and  is  calculate<l  to  give 
high  initial  velocities,  and  that  the  system  employed  is  the  French  fer- 
mcture  or  interruptea  screw. 

Experiments  at  Kidsdale  proof- ground  in  August  of  1881,  with  the 
Armstrong  43-ton  gun,  may  here  be  alluded  to;  also  comparisons  insti- 
tuted between  it  and  the  Woolwich  gun  of  similar  weight  and  caliber^ 
tested  at  Shoeburyness. 

The  principal  dimensions  of  the  Woolwich  and  Elswick  guus  are  a^. 
follows : 


Woolwich.  >  EUwick 


Total  length  of  gun  without  carrier iuohes.. 

Caliber do....' 

Bor«:  ' 

In  calibers -• do 1 

In  inches do _ 

Total  capacity cnbic  inches. -j 

Chamber: 

Diameter Inchon..' 

I>cngth do I 

Capacity cubic  inch«'8..| 

Diameter  in  rear  opening inches..* 

Riflin?: 

T  wist,  in  calibers 

Length inches.. 

Number  of  groov en do.. 


333 
12 

26 

312 

39. 057 

15.5 
58.33 
10.12U 


is 


331 
1? 

26 

812.2 
38.734 

U.? 
87.4:i 
18. 178 
12.  i 

if) 

2J0.3« 
M 


•See  Plate  X. 


tl  in  150  to  1  in  45,  10.36  in  U. 


These  constructions  (of  the  same  caliber,  12-inch)  differ  very  little 
from  each  other  in  their  main  features,  such  as  mode  of  construction, 
principal  dimensions,  breech  fermeture,  and  length  of  bore,  the  only 
important  variations  being  in  the  lengths  and  diameters  of  chambers, 
and  their  capacities;  the  Elswick  gun  (see  Table  and  Plate  IV)  having 
a  less  diameter  and  a  greater  length  for  this  part  of  the  bore,  and  also- 
a  greater  capacity  than  the  Woolwich  pattern;  this  latter  feature  in- 
creasing the  airspace  in  the  chamber  of  the  former  over  the  latter  wher. 
equal  charges  are  used.  It  also,  for  the  same  diameter  of  the  exterior^ 
gives  a  stronger  gun  (both  using  the  same  metals)  in  its  walls. 

A  tabulated  statement  of  these  points  of  diflerence  may  be  here  in- 
serted : 

Potcder-chamher.  \  Pourder- chamber. 

•  R.  G.  F. : 

Length inchee.. 


Elswick : 

Length inchee..  86.25 

Diameter do 14.3 

Capacity  ...cubic  inches..  13,178 


58.  :C 

Diameter do 15.r> 

Capacity  ..  -cubic  inches..   10, 1:H) 


•An  8-inch  gun  after  this  type  (Armstrong)  has  \*een  lir«»d  up  to  September,  1881. 
346  roundH,  fht*  charges  in  a  great  many  cases  reaching  100  pounds  of  prisntatic  pow- 
der and  the  projectiles  HO  ]K>undK. 
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The  resnitfl  of  some  firings  made  witb  the  Elswick  Kun  in  Augnet, 
1881,  are  tabulated  below^,  and  present  tho  main  facts  as  to  weif^hts  of 
charges  and  projectiles  empIoye<I,  and  the  ballistic  effects  obtained. 


Nambn  of  mud*. 


a 

i- 

i*.. 

OBTB 

300 

0.631 

325 

Q.m 

3sa 

0.736 

m 

D.TBg 

FreHorH. 

f 

1 

1 

^ 

Cl.«nb«.  1 

s 
1 

i 

4 

1 

1 

1 

LIh. 

r.. 

F.I. 

F.tMM 

T-nit. 

nm». 

Jta*. 

703 

j  1,033 

i%m 

i3.a 

13.1 

1^4 

70J 

i  ■!'» 

|l,7!2 

u.m 

li.15 

is.isl 

12.7 

100 

1 1,313 

15,051 

10.8 

n.e 

en 

[1,871 

18,  MO 

22.Z 

^' 

10.0 

TOj 

!I:S 

J.,03. 

19,195 

M.l 

39lO 

... 

For  facilitating  a  comparison  between  the  results  obtained  by  the 
Elawick  and  Woolwich  guns — the  only  essential  diffei'euce  iu  construc- 
tion, in  a  ballistic  point  of  view,  between  the  two  guns  being  the  differ- 
ences in  chambering — I  have  tabnlated  above  the  features  of  the  two 
gnns  in  tbis  regard,  and  now  add  here  a  tabulated  comparative  state- 
ment of  different  firings  from  the  two  riOes: 


I.   CliBrge. 


No.'/" 
.   *..  .      „. 

i*r;ce.     Pni}MitllH.j 


1,  ess     Wilb  serrlcc  chwRea  of 
'      cnD  Bud  ?S0   pontile 


iTmt. 
ElBirlok I  25.1 

R.G.F J;  {H 


— 

A 

i 

i»  1 

s 

l^ 

Lb: 

*■■•■, 

31U 

i,»» 

>  flrcd  with    pn*. 
,    nuiafl  700-ponuiL 
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These  result8  are  in  favor  of  the  Woolwich  gan ;  and  the  conclufiioii 
18  fuU J  waranted  that  to  the  larger,  shorter,  and  le88  capacious  chamber 
of  this  latter  its  superiority  is  due  over  the  Armstrong  model.  The 
proof  of  this  is  to  be  drawn  from  the  comparison  between  two  firings 
with  330  pounds  and  286  pounds,  with  700-pound  projectiles  fsee  Table 
No.  2),  and  the  results  shown  in  Table  No.  3. 

With  equal  pressures  (service  limitation  17.1  tons],  the  Woolwich  gun 
gave,  with  44  pounds  less  powder,  835JJ  foot -tons  more  euergj'  at  the 
muzzle  than  the  Elswick;  and  with  64  pounds  of  powder  //v«  (see  Table 
3),  it  gave  a  slightly  increased  velocity  with  a  marked  difference  in  pres- 
sure in  its  favor.    Ordinary  prismatic  powders  were  used. 

That  the  form  and  dimensions  of  the  chamber  have,  indei»eiident  of 
the  mere  fact  of  the  employment  of  a  well  established  air-spacing  to 
produce  the  maximum  power,  with  due  regard  to  standard,  or  say  safe 
pressures,  an  important  bearing  in  the  attainment  of  the  maximum  muz- 
zle energy  or  gun  power,  with  a  given  weight  of  powder  and  projectile, 
it  is  only  too  apparent  from  the  above  quoted  results ;  the  shorter  and 
larger  diametered  charge-receptacle  having  a  decided  advantage  over 
the  longer  and  smaller  diametered  and  more  capacious  one.  The  air- 
spadng,  it  will  be  seen,  is  different  in  some  cases  of  comparison,  but  in 
the  firings  with  pressures  exceeding  service  limits — which  is  of  no  con- 
sequence as  far  as  the  comparison  of  chambers  is  concerned — it  will  be 
seen  that  the  air  spacing  was  about  practically  the  same  in  both  cases, 
and  the  results  broadly  in  favor  of  the  shortened  charge-receptacle. 

In  the  theories  geneiully  advanced  reganling  the  introduction  of  cham- 
bers, the  stress  is  generally  laid  principally  on  the  beneficial  effects  of 
the  mere  proper  air-spacing,  and  that  the  shape  and  dimensions  of  the 
chamber  have  a  powerful  influence  in  the  ad'mission  of  the  use  of  rela- 
tively large  charges,  without  excessive  pressures,  is  almost  lost  sight 
of  in  the  discussion.  With  about  equal  air-spacing,  the  Elswick  gun 
(see  Table  3)  gave  an  increase  of  5.8  tons  pressure  over  its  competitor, 
and  with  the  attainment  of  no  greater  velocity,  and  with  the  use  of  a 
considerably  larger  quantity  of  powder.  This  result  must  be  solely  at- 
tributed to  the  form  of  the  chamber;  and  the  English  authorities  at 
Woolwich  have  recently  been  making  every  effort  to  shorten  the  cham- 
ber, and  to  secure  the  proper  space  for  the  charge  (sufficient  data  is  not 
yet  obtained  as  to  the  proper  air-spacing),  by  proportionally  increasing 
Its  diameter,  and  to  i>roceed  in  this  direction  until  the  b^t  results  are 
obtained  at  the  p{oof  ground.  With  this  end  in  view,  the  43-ton  gun — 
experimental — was  at  Woolwich  in  October,  1881,  where  it  was  being 
enlarged  at  the  breech  to  receive  a  chamber,  which,  in  accordance  with 
views  deduced  from  their  experiments,  is  better  pro}K)rtioned,  in  order 
to  secure  increased  effectiveness,  using  slow-burning  powders. 

Long,  thin  cartridges^  such  as  the  Elswick  pattern,  would,  it  ia  con- 
sidered by  those  best  informed,  to  obtain  the  l>est  results,  have  to  be  used 
with  a  larger  air-spacing,  and  have  a  slightly  quicker  buming.i>owder 
than  the  Woolwich  gun;  beside$,it  has  been  well  established  that  ^^wave* 
action  and  resulting  abnormal  pressures  arise  in  the  use  of  very  long 
charges. 

Even  our  own  limited  exi)eriments  made  at  Sandy  Hook  indirectly 
show  that  the  introduction  of  a  eliamber,  t\  e\,  an  enlargement  of  the 
diameter  of  bore  (where  the  i>owder  charge*  is  iM)usumed),  is  of  essential 
importance,  in  enabling  us  to  use  ^acconliug  to  mo<lem  practice)  large 
charges  with  :^ift*ty  to  our  enns  see  table-. 
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<*. 

«j 

c 

Charge. 

o 

• 

• 

'-'5 

(M 

«  a 

^^ 

-a  3 

♦» 

«> 

iS 

Kind   of  powder. 

"m 

3 

»  ^ 

0. 

•^ 

Lbi. 

^ 

Xfc*. 

1 

Hex.,  E.  V.  J. ;  dens., 
175:  gran.,  72. 

*85 

180 

2 

30 

IW) 

2 

«lo 

:iu 

380 

2 

do 

:io 

180 

Windage  over  cartridge 


Mean. 


Service  windage  about  ^  of  tl)e  diameter 
of  the  bore. 

Service  windage 

S»*i  vice  windage  reduced  60  per  cent 

Koue 


Feet. 
1,382 

1,25S 
l,2e» 
1,344 


Lb*, 
30.500 

20.000 
23.000 
25,500 


•  Servico  battel  ing  charge.  • 

Gain  clue  to  entire  suppression  of  windage:  Velocity,  86  feet  j  pres- 
sure, 5,500  pounds. 

Here  we  see  that  by  air  spacing,  usin^  one-tenth  of  the  diameter 
of  the  bore  (in  an  unciiambered  gun),  the  gain  in  velocity  is  only  36 
feet  over  the  use  of  the  same  cliarge  in  which  no  air-spacing  is  admitted 
whereas  the  pressures  are  increased  nearly  20  per  centum. 

Mere  air-spacing  proper,  per  se^  it  would  appear,  gives  but  little,  if  any, 
practical  advantages,  judging  from  these  results,  and  they  only  give  addi- 
tional proof  that  our  modern  success  in  the  employment  of  large  charges 
results,  speaking  in  general  terms,  from  a  combination  of  an  enlarge- 
jnent  of  the  bore  for  the  charge  to  rest  in  (and  to  the  dimensions  and 
form  of  the  resulting  chamber),  with  the  employment  of  a  proper  wind- 
age or  air-spacing. 

These  views  lead  me  to  express  my  belief  that  the  shape  and  form  of 
the  chamber  controls  the  combustion  of  large  charges,  and  also  the  pas- 
sage of  the  powder-gases  from  the  chamber  iiito  the  bore. 

Pertinent  to  this  view  of  the  case,  attention  is  invited  to  the  follow- 
ing remarks  to  be  found  in  Ordnance  Notes,  No.  105,  to  wit: 

It  is  deemed  important  to  keep  np  the  tangential  strength  of  the  system  to  a  con- 
siderable distance  beyond  the  seat  of^tbe  charge,  as  the  circumstances  of  inflammation 
and  subsequent  combust iou  of  it  (large  in  weight)  would  seem  to  demand  a  consider- 
able length  of  bore  of  the  max^itnum  strength,  an  preHsures  approximating  to  the  maxi- 
iiinm  must  attain  longer  than  in  ordinary  CAses;  or,  to  ilhistrate  otherwi.sc,  the  curve 
of  pressure  must  be  relatively  much  flatter  than  that  attaining  in  the  use  of  a  common 
charge.  Also,  it  is  believed  that  the  action,  in  the  case  of  the  employment  of  cham- 
bers with  large  charges  of  powder,  results  at  the  time  of  the  initial  inflammation  of 
I  he  charge  in  the  development  of  a  powder-gas  comparatively  low  in  pressures,  owing 
to  the  space  above,  but  suflRcient,  however,  with  the  compressed  air,  to  start  the  pro- 
jectile with  a  low  velocity ;  and  that  when  the  maximum  pressures  attain,  the  voli  me 
of  the  bore  between  the  burning  powder  and  projectile  is  relatively  greater  than  under 
ordinary  circumstances,  and  that  the  phenomena  of  a  rapidly-augmenting  gas  evolu- 
tion giving  increased  power  ensues;  but,  owing  to  th%  rapidly-increasing  velocity  of 
trbe  projectile,  increasing  rapidly  the  bore  spaces  between  the  bunting  powder  and 
the  shot,  the  resulting  pressures  decline  gradually  from  the  maximum  (not  usually 
dangerous);  and,  hence,  with  long  bores  the  capability  of  thorough  consdmntion  of 
i'arge  charges  w^th  moderate  pressures  resulting,  and  with  high  initial  velocities,  are 
A-  itnin  our  reach. 

The  large  charges  now  employed,  some  of  them  with  guns  of  com- 
paratively^ light  weight,'  as,  for  instance,  the  use  of  300  pounds  of  pow- 
der with  400  and  600  pound  projectiles  in  a  21  ton  10.15  inch  gun  (wire), 
necessarily  results,  even  with  the  use  of  chambers  and  in  an  ''air- 
spacing''  adopted  as  the  best  to  secure  the  maximum  eflects  with  mini- 
mum strains,  in  enormous  pressures ;  and  we  can  only  expect  to  increase 
our  quantities  of  powders  in  chambered  guns  up  to  that  point  where 
we  do  not  exceed  the  limit  of  safety  established,  in  material  and  design, 
for  the  gun  construction  employed. 


218         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  Woolwich  aathorities  have  established  17.1  tons  per  square  ioch 
as  the  service  limit  for  pressures,  yet  Armstrong  for  his  constructions 
reaches  25  tons  per  square  inch,  and  in  his  10.15  inch  wire  gun  a  pres- 
sure of  34  tons  per  square  inch  has  attained. 

Cast  iron  alone,  or  cast  iron  in  combination  with  wrought,  or  with 
wrought  iron  and  steel,  or  with  steel  alone,  in  guns  for,  say,  one  caliber 
and  a  half  thickness  of  walls,  cannot  endure  the  chambering;  and  iu 
consequence,  the  increased  charges  which  constructions  made  of  steel 
alone,  or  steel  in  combination  with  wrought  iron,  can  sustain;  and  hence 
any  plan  using  the  inferior  metal  looking  to  a  rivalry  with  the  superior 
modern  constructions  which  ignore  the  use  of  cast  iron,  would  be  a 
risk  too  hazardous  to  assume,  and  when  the  pressures  reach,  in  guns 
using  cast  iron,  a  limit  of  say  not  exceeding  35,000  to  37,000  pounds  for 
a  gun  one  and  one-half  calibers  thick,  the  service  limit  should  be  regarded 
as  reached,  and  the  charges  and  chambering  should  be  so  regulated  as 
to  keep  within  these  limits  which  should  be  established  as  the  limits  of 
safety. 

This  leads  me  to  remark  that  the  guns  recently  experimented  with  at 
Sandy  Hook,  to  wit,  two  8-inch  breech-loaders  and  one  11-inch  breech- 
loader (converted),  were  all  probably  too  largely  chambered  for  the 
strength  of  the  constructions,  and  hence  prompts  the  belief  that  in 
constructions  where  cast  iron  is  used,  the  weakness  of  this  metal  should 
lead  to  the  employment  of  moderate  chambering  as  compared  to  the 
chambering  of  the  ])owerful  light-weight  guns  made  of  steel  in  some  of 
its  forms,  or  in  combination  with  wrought  iron,  which  are  now  in  vogue 
with  the  most  skillful  and  farthest  advanced  gun  constructors  of 
Europe. 

Regarding  constructions  in  which  a  caliber  and  one-half  is  taken  as 
the  thickness  of  walls  required,  it  would  seem  that  in  the  introduc- 
tion of  chambering  that  an  increase  to  one  and  one-half  calibers  of 
metal  should  attain  in  surrounding  it;  in  other  words,  in  a  12-inch  cali- 
ber with  a  14.3-inch  chamber  that  the  increase  of  the  exterior  diameter- 
at  the  seat  of  the  chamber  over  the  unchambered  12-inch  gun  should 
attain  so  as  to  make  our  constructions  in  conformity  to  the  established 
practice. 

In  steel  guns  a  little  less  than  one  caliber  is  regarded  as  sufficient 
thickness  of  walls;  and  a  caliber  and  one-quarter,  about,  is  used  over 
the  chambers  of  the  43-ton  guns  composed  of  stevel  and  wrought  iron. 
In  st^el-tubed  guns,  surrounded  by  a  wire  and  a  part  steel  and  part 
wroughtiron  jacket,  the  thickness  of  walls  given  over  the  chamber  is 
but  eighty -five  one  hundredths  of  a  caliber.  These  figures  illustrate  the 
vast  difference  in  the  eyes  of  European  gun  constructors  between  the 
use  of  pure  steel  and  thb  combination  of  steel  and  wrought  iron,  and 
more  especially  in  any  construction  in  which  cast  iron  plays  a  prominent 
part.  It  would  seem,  therefore,  independent  of  the  recognized  fact  of 
the  inferiority  of  cast  iron  in  strength,  that  the  important  element  of 
weight  would  become  largely  a  factor  for  consideration  in  judging  of 
constructions  using  this  metal,  either  alone  oriu  combination  with  others. 
In  fact,  as  much  power  can  be  secured  from  a  43  ton  (Ti-inch)  gun  (steel 
and  iron),  as  from  a  12-inch,  55  to  GO  ton  gun  (built  up),  of  cast  iron 
and  steel. 

In  a  44-ton  (13  inch)  wire  gun  (Plate  V)  we  have  the  remarkable  ex- 
hibit of  a  yield  of  27,460  foot-tons  muzzle  energy,  or  say  637  foot-tons 
per  ton  of  metal.  The  cast  iron  and  steel  constructions  (<iO  tons)  alluded 
to  above  only  give  359  foot-tons  per  ton  of  metal.  The  10.15-itich  wire 
gun  recently  constructed  has  been  tested,  and  the  distinction  between 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         21  ^ 

it  and  the  last-mentioned  gan  ifi  more  pronounced  in  favor  of  wire  than 
the  13-inch;  the  resulting  muzzle  energy  giving  760  foot-tons  per  ton  of 
metal.  The  pressures  are  relatively  higher  in  attaining  these  results^ 
yet  the  strength  of  the  combination  is  believed  to  warrant  a  large  in- 
crease over  the  ordinary  standard  pressure  adopted  for  the  guns  of  the 
English  service. 

Admitting  that  about  27,600  foot-tons  muzzle  energy  can  be  attained 
with  a  13-inch  of  a  weight  of  say  44  tons  (wire),  we  find  that  it  take» 
50  per  centum  more  weight  (60  tons)  in  a  gun  (12-inch)  using  cast  irou 
to  attain  a  much  less  muzzle  energy  corresponding  to  the  difference  in 
calibers. 

The  force  of  this  testimony  regarding  weight  is  evidently,  as  far  as  it 
goes,  against  the  use  of  cast  iron  ;  and  when  we  consider  the  questioa 
of  its  employment,  pure  and  simple,  this  objection  of  increased  weight 
necessary  in  the  structure,  becomes  a  subject  of  the  first  importance,, 
and  one  alone  which  at  the  threshold  of  the  consideration  of  the  problem 
of  gun  construction  should  lead  us  to  doubt  if  it  should  be  employed  at 
all  if  we  desire  to  attain  a  high  standard  in  power  and  endurance  in  our 
future  heavy  ordnance  armaments. 

Independent  of  ctrength  and  increased  weight,  cast-iron  guns  of  heavy 
natures  require  a  cumbersome  and  expensive  plant,  consisting  of  deep 
pits,  large  furnaces,  powerful  cranes,  and  hea\^  and  powerful  lathes,, 
&c.,wherea§  in  the  built-up  steel,  and  steel  and  wrought-iron  systems, 
also  wire  guns,  th&  numerous  parts  which  go  to  make  up  the  whole,  can, 
from  their  comparative  lightness,  be  handled  in  the  different  operations, 
of  construction  with  far  greater  ease,  and  less  expense  than  attain  in 
the  production  of  homogeneous  masses  consisting  of  but  one  piece,  as 
found  in  systems  where  cast  iron  enters  either  solely  or  largely  into  the 
fabrications. 

On  the  score  of  economy,  it  may  be  doubtful  if  any  material  advan- 
tage results  in  the  use  of  cast  iron.  English  models  cost  about  14  cents 
per  pound.  To  gain  equal  powers  we  would  require,  according  to  the 
ideas  of  constructors  in  cast  iron,  at  least  a  60  ton  gun  to  perlbrra  the  same 
work  as  a  43-ton  gun  of  steel  and  wrought  iron.  If  we  estimate  cast 
iron  at  12  cents  per  pound,  we  have  a  cost  of  $16,128  for  a  pure  cast- 
iron  gun  of  60  tons;  and  admitting  14  cents  per  pound  for  wrought  iron 
and  steel,  we  have  a  cost  for  a  43- ton  gun  of  $13,484.80.  If  a  net  profit 
of  25  per  centum  for  manufacturers  is  added  to  this  latter  figure,  which 
is  government  cost,  we  have  even  then  a  less  expensive  construction 
than  pure  cast  iron  in  that  country.     (See  below.) 

Eegarding  the  use  of  cast  iron  in  the  English  service,  it  was  practi- 
cally abandoned  in  1864.  A  full  report  of  the  ordnance  select  commit- 
tee of  that  year  is  quoted  below  as  having  a  bearing  of  some  interest,, 
not  on  this  question  alone,  but  on  others  which  concern  the  present  con- 
dition of  the  heavy  ordnance  problem  in  the  United  States. 

Ordnance  SeUoi  C<nnmit1ee. 

% 

Sabject:  Question  as  to  the  coDstrucUon  of  heavy  guns  of  some  cheaper  material 
than  wrought  iron : 

The  committee  have  been  directed  to  give  their  early  and  earnest  attention  to  the 
question  of  providing  some  cheaper  mode  of  construction  for  heavy  guns  than  that  at 
present  adopte<1,  looking  to  the  probable  introduction  of  a  large  number  of  such  guns. 
for  coast  defenses,  and  to  the  importance  of  reducing  the  expense  which  would  attend 
their  supply,  if  made  as  at  present. 

In  considering  this  question,  the  committee  have  contemplated  each  of  the  faUow- 
ine  alternatives : 

Tst.  Guns  to  be  made  of  cast  iron  alone. 
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2d.  GiiUH  to  be  made  up  of  combinations  of  cast  iron  or  steel,  which  again  may  be 
fiubdivided  into  two  classes: 

a.  Cast  iron,  streDgthened  externally  by  hoops  of  wrought  iron  or  steel,  like  the 
Parrott  and  Brooke  gans  of  America. 

b.  Cast  iroD*,  strengthened  internally  by  lining  them  with  wronght-iron  or  steel 
tubes. 

3d.  Guns  made  of  wrought  iron,  but  of  cheaper  quality  in  the  exterior  coils  than 
has  been  hitherto  employed,  and  of  less  expensive  construction. 

1.  Guns  of  large  caliber  made  of  cast  iron  only. 

With  regard  to  the  first  of  these  constructions,  viz,  the  employment  of  cast  iron 
only,  the  committee  reject  it  on  the  grounds  that  guns  of  this  nature  cannot  be  relied 
on  to  resist  the  strain  due  to  such  charges  as  are  necessary  to  produce  sensible  effects 
when  fired  against  iron  structures. 

Cast-iron  smooth-bored  guns  of  large  caliber,  such  as  the  13-inch  and  15-inch  Co- 
Jumbiads,  have  been  constructed  in  the  United  States  for  the  defense  of  passages  a  mile 
or  so  in  width,  but  notwithstanding  the  experience  of  the  Americans  in  respect  to 
mixtures  of  iron  ores  and  methods  of  casting  which  has  enabled  them  to  produce  guns 
of  very  superior  quality,  they  have  been  obliged  to  limit  themselves  in  great  measure 
to  the  use  of  relatively  small  charges  of  powder  and  hollow  projectiles,  and  are  con- 
sequently unable  to  avail  themselves  of  such  high  velocities  as  it  is  desirable  to  give 
to  projectiles  for  penetrating  armor  plates.  In  order  also  to  compensate  tor  the  want 
of  accuracy  common  to  smooth-bore  guns,  it  has  been  the  practice  in  America  to  arm 
special  localities  with  these  large  pieces  of  orduance  in  extraordinary  numbers,  thereby 
incurring  as  much  expenditure  as  would  suffice  for  the  provision  of  a  smaller  number 
of  efficient  rifled  guns  of  wrought  iron.  * 

For  the  above  reasons,  and  believing  that  it  is  practically  impossible  to  raise  the 
•quality  of  the  cast-iron  guns  supplied  by  the  great  gun-founding  firms  in  any  mate- 
rial degree,  the  committee  are  of  opinion  that  the  question  of  employing  cast  iron 
alone  for  the  construction  of  heavy  guns  must  be  set  aside. 

2.  Guns  made  up  of  combinations  of  cast  iron  and  wrought  iron,  or  steel,  which 
<'mbrace  the  following  classes : 

a.  Cast  iron  strengthened  externally  by  hoops  of  wrought  iron  or  steel. 

The  committee  reject  this  mode  of  construction,  on  the  ground  of  the  very  little 
success  which  has  attended  any  of  the  varlotfs  methods  proposed  in  this  country  to 
give  additional  strength  by  means  of  external  hooping.  Although  the  Americans 
have  introduced  their  8-inch  and  10-inch  Parrott  guns,  which  are  constructed  on  this 
principle,  their  general  serviceability  is  by  no  means  proved,  as  yet.  On  the  contrarv, 
the  experience  gained  at  the  siege  of  Charleston  tends  to  confirm  the  opinion  thai 
little  or  no  confideuce  can  be  placed  in  such  constructions,  even  when  comparatively 
moderate  charges  are  used.  The  committee  are  informed  that  at  that  siege,  out  m 
41  bout  42  ^uns,  23  or  24  burst  after  an  average  life  of  240  rounds. 

6.  Cast  iron,  strengthened  internally  by  lining  with  wronght-iron  or  steel  tubes,  or 
made  by  casting  iron  over  wronght-iron  or  steel  tubes,  on  the  plan  proposed  by  Captain 
Pal  User  and  others. 

The  plan  of  lining  cast-iron  *guns  with  wronght-iron  coiled  tubes  has  been  tried 
with  encouraging  results,  and  should  the  experiments  now  on  hand  with  a68-poujider 
cast-iron  ^n,  reduced  by  internal  lining,  on  Captain  Palliser's  plan,  to  a  7-inch  oaK- 
ber,  and  rided,  give  g^ood  results,  there  will  be  a  number  of  6d-pounders  and  10-inoh 
guns  which  may  be  made  available  for  rifled  guns  weighing  from  100  t«i  200  cwt. 

This  construction,  however,  does  not  touch  the  question  of  the  heavier  ^uns,  and 
although  Captain  Palliser  expresses  every  confidence  in  being  able  to  apply  it  to  large 
guns  capable  of  pesisting  heavy  charges  by  casting  iron  around  wroagnt-iron  tubes, 
the  committee  do  not  at  present  recommend  experiments  to  test  the  efficiency  of  bis 
method,  on  the  grounds  that  it  appears  to  be  less  economical  than  a  gun  constructed 
wholly  of  wrought  iron,  only  employing  a  cheaper  quality  for  the  external  hoops  or 
coils. 

The  committee  have  discussed  with  the  superintendent  of  royal  gun  factories  the 
question  as  to  the  possibility  of  effecting  a  reduction  in  the  expense  att^^nding  thfi 
present  mode  of  constructing  wrought-iron  guns,  and  he  has  favored  them  with  esti- 
mates of  two  coAstruetions  (A)  and  (B),  by  which  this  object  will  apparently  be  ob- 
tained. 

Without  expret^ing  any  positive  opinion  as  to  the  probable  endurance  of  guns 
constructed  on  these  cheaper  systcuis,  the  committ<>e  have  reason  to  think  that  uiera 
is  every  probability  that  they  will  be  found  strong  euouffh  for  every  practical  pnr- 
|M)se.  "There  is  now  much  reaxm  to  believe  that  some  of  the  cheaper  qualities  of  iron 
are  more  suitable  for  webling  than  the  more  expen-iive  natures;  and  as  the  longitudi- 
nal strength  of  a  coil  depends  npon  perfect  welding,  there  is  every  promise  that  no 
great  loss  of  strength  will  be  incurred  when  the  cheaper  iron  is  in  part  employed; 
nhile  a  further  and  considerable  saving  in  materia!  and  labor  will  be  effected  by  r^ 
«lacing  the  nnniber  of  the  coils  themselves. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         221 

The  committee  sabmit  two  tracings,  marked  ^A)  and  (B),  Bbowine  the  cheaper  con- 
structions proposed  for  experiment,  togethei  with  an  estimate  of  tne  same,  and  esti- 
iiiates  of  the  cost  of  the  present  mode  of  manufacture  and  that  proposed  by  Captain 
Palliser,  for  comparison.    They  are  as  follows: 

Qnn,  9- inch,  12^  tons,  with  steel  inner  barrel,  as  at  present  manufactured  in  royal 
gun  factories: 

8teeltube *. £304 

Gun  iron,  16  tons,  at  £22 352 

Scrap  iron 20 

Coals 90 

766 
Labor,  including  incidental  departmental  expenses 321 

Total , 1,087 

Oun,  9-inch,  12^  tons,  with  steel  inner  tube,  as  now  proposed  for  experiment^ 
marked  (A) : 

Steel  tube 304    0 

9}  tons  of  iron,  at  £10 97  10 

Scrap  iron 16    0 

Coals 10    0 

427  10 
Labor,  including  incidental  departmental  expenses 196  10 

Total 624  00 

Gun,  9-inch,  12^  tons,  with  wrought-iron  tube,  of  MarshalVs  iron,  as  now  proponed 
for  experiment,  marked  (B) : 

Tube,  iron,  coals £271 

Labor,  &c 211 

Total 482 

Gun,  9-inch,  12i  tons,  coiled  tube,  and  cast-iron  exterior,  as  proposed  by  Captain 
Palliser : 

Tube,  iron,  coals ; £310 

Labor,  Ac 290 

Total 600 

Thus  it  appears  that  if  these  estimates  prove  correct,  guns  may  be  made  wholly  of 
wrought  iron  at  less  than  half  the  cost  of  the  present  construction,  and  of  wrought 
iitin  over  a  steel  barrel,  at  less  than  two-thirds  of  their  present  cost. 

As  regards  the  former  of  these  plans,  nothing  would  be  gained,  in  point  of  economy, 
by  adopting  a  cast-iion  exterior;  on  the  contrary,  such  a  gun  would  cost  one-fourth 
more  ;  and  as  con»pared  with  the  latter  of  them,  the  saving  would  be  less  than  £100 
per  gun,  which  is  too  inconsiderable  to  be  set  against  the  advantage  of  having  noth- 
ing but  wrought  iron  in  the  gnu. 

The  committee  are  informed  that  this  cheaper  construction  is  not  untried,  one  9-inch 
gnu  having  been  so  made. 

They  think,  however,  it  would  be  hazardous  to  go  largely  into  it  at  once;  but  they 
recommend  that  the  superintendent  royal  gun  factories  be  authorized  to  make  one  gun 
of  the  17  9-inch,  12-ton  guns  ordered  on  each  of  the  plans  (A)  and  (B),  completing  the 
remainder  of  the  supply,  and  any  other  guns  ordei*edto  be  put  in  hand  at  once,  on  the 
present  approved  plans.  By  this  means  the  working  of  the  proposed  new  arrange- 
ments, and  the  qualities  of  the  new  iron,  will  be  satisfactorily  tested  without  delay- 
ing their  general  employment  more  than  a  year. 

They  do  not  recommend  a  further  trial  of  guns  with  cast-iron  exterior,  until  the  three 
cast-iron  guns  lined  with  wrought  iron  for  Captain  Palliser  have  been  fully  tested. 

(KoTB.— The  cast  iron  for  gun  constructions  in  England  has  a  tensile  strength  ranging  fh>m  9  tons  to 
14  tons.    (See  Text-Book  1S79.)  ] 

One  of  these  guns  is  rifled  to  a  7-inch  caliber,  and  is  to  fire  1,000  rounds  with  ser- 
vice charge.    The  other  two  are  smooth-bored  to  68-pdrs ;  should  all  three  be  quite 
successful,  this  additional  proof  of  the  value  of  the  construction  may,  perhaps,  war 
rant  a  trial  of  it  on  a  12-ton  gun. 
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Heretofore  aliusion  has  only  been  made  to  the  Woolwich- Armstrong 
type  of  construction;  but  the  growing  tendency  to  admit  the  superior- 
ity of  steel  for  external  tubes  as  a  substitute  for  wrought-iron  ones  prom- 
ises to  rapidly  supersede  the  use  of  the  latter  metal  in  heavy  ordnance, 
both  in  government  and  private  establishments. 

The  Royal  Gun  Factory  are  experimenting  with  steel  for  hoops;  and 
specimens  of  forged  steel  of  their  own  product  were  on  hand  in  Octo- 
ber, 1881,  and  from  the  blocks  planed,  showing  the  evenness  and  homo- 
geneity of  the  product,  it  is  judged  that  good  success  has  been  attained. 

The  introduction  of  steel  hoops  in  lieu  of  wrought  iron  will  perfect  the 
English  system,  and  place  it  among  the  most  prominent  of  the  more  ad- 
vanced ones  of  the  present  day. 

The  steel  tubes  of  their  present  construction  are  the  product,  as  be- 
fore stated,  of  the  steel  works  of  the  Messrs.  Firth  &  Sons,  of  the  Nor- 
folk Works,  Sheffield.  The  ten  tubes  for  43-ton  guns — after  the  Wool- 
wich model — are  now  under  way,  and  one  was  under  the  process  of 
forging  at  my  recent  visit  to  this  establishment. 

It  is  claimed  by  the  representatives  of  cast  iron  in  this  country  that  it 
has  never  been  tested  using  the  slower  burning  and  large  sized  grained 
powders  now  in  vogue.  Guns,  made  of  any  material,  should  evidently 
be  so  constructed  in  dimensions  and  chambering  as  to  cope  in  power  and 
^flfectiveness  with  their  rivals,  caliber  for  caliber.  In  order  to  do  this 
large  charges  would  necessarily  have  to  be  employed  with  cast  iron,  and 
however  judiciously  air-spacing  and  chambering  may  be  done,  and  even 
using  the  most  perfect  powders,  the  pressures  resulting  from  the  large 
masses  consum^  would  rise  beyond  what  is  ordinarily  deemed  a  safe 
pressure  (17.1  tons  per  square  inch),  even  for  guns  using  steel  and  iron. 
To  illustrate :  The  two  Armstrong  10.236-inch  wire  guns  (Plate  VI)  have 
been  fired  60  rounds,  and  the  pressures  have  been  67,000  iK)unds  per 
square  inch.  This  is  not  deemed  by  author  ities  on  these  matters  as 
safe  for  any  of  the  ordinary  constructions  now  in  use,  and  cannot  hence 
be  regarded  as  by  any  means  a  safe  one  for  cast  iron,  however  thick  the 
walls  are  made  within  the  limits  of  reasonableness  of  weight,  and  hence, 
although  its  use  might  have  been  entertained  as  possibly  a  safe  struc- 
ture some  time  ago,  when  large  charges  in  stronger  gun  constructions 
did  not  attain,  the  conclusion  has  now  to  be  drawn  that  no  good  reasons, 
even  on  the  grounds  of  insufficiency  of  trial,  exist  for  the  further  test  of 
a  metal  which,  owing  to  high  pressures,  will  be  unable  to  cope  in  power, 
gun  for  gun,  with  stronger  systems  susceptible  of  enduring  the  enormous 
strains  arising  from  heavy  charges,  and  which  are  beyond  the  capacity 
of  cast  iron  to  withstand. 

It  is  not  understood  that  any  important  modifications  are  at  present 
intended  in  the  general  features  of  the  present  constructions  using 
wrought-iron  exterior  tubes,  the  change  being  confined  principally  to 
the  substitution  of  the  one  metal  for  the  other.  The  change  has,  how- 
ever, so  far  progressed  and  been  so  well  established  as  an  improvement, 
that  steel  coils  for  80-ton  guns  have  already  been  produced  at  Wool- 
wich, and  applied  in  the  more  recent  fabrication  of  these  heavy  pieces ; 
the  heaviest  products,  in  fact,  as  yet  turned  out  b}-  the  Royal  Gun 
Factory.  Eighty-two  guns,  all  steel,  were  in  the  works  at  Woolwich  in 
October,  1881. 

Besides  these  products,  such  is  the  urgency  of  the  pending  changes  to 
all  steel  constructions  and  breech-loading  systems,  that,  having  antici- 
pated the  thorough  trial  with  the  43-ton  gun,  ten  more  guns  after  the 
3ame  general  plan,  it  is  understood,  as  before  stated,  are  now  under  way; 
and  in  addition,  as  far  as  the  change  to  breech-loaders  is  concerned  if 
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may  be  inentioued  that  an  order  for  seventy  seven  6-inch  steel  guns  with 
wrought-iron  jackets  is  now  in  process  of  execution  at  the  government 
works. 

The  permanent  features  of  the  Boyal  Gun  Factory  have  been  but 
little  changed  since  1873,  except  in  the  compleiion  of  the  lOOton  steam 
hammer,  the  foundation  for  it  then  being  far  advanced  in  progress. 

Although  the  steel  tubes  were  principally  the  product  of  Firth,  yet 
recently  large  orders,  I  am  credibly  informed,  for  8  inch  tubes,  21^  feet 
long,  for  use  in  the  royal  factories,  have  been  intrusted  to  Sir  Joseph 
Whitworth;  and  it  would  seem  from  this  fact  that  there  is  a  rapidly- 
growing  tendency  to  regard  fluid-compressed  steel  as  a  superior  steel 
for  gun  constructions. 

All  tubes  being  procured  by  contract  with  the  different  steel  produc- 
ers in  Great  Britain,  are  delivered  at  Woolwich  as  solid  ingots,  and,  of 
course,  untempered.  The  facilities  at  this  place  are  ample  for  all  needs 
for  tempering  in  oil.  The  general  details  of  this  process  as  practiced 
at  Woplwich  have  been  published  in  the  English  text-books,  and  need 
not  be  in  consequence  described  in  this  report. 

The  effects  of  oil-tempering  are  to  increase  the  hardness,  tensile 
strength,  and  elastic  limit  of  the  metal,  but  somewhat  at  the  expense 
of  its  ductilit3'.  It  is  a  process,  however,  which  is  applied  to  all  steel 
pro<lucts  for  heavy  ordnance  in  England,  and  also  in  France,  and  has 
been  so  long  practiced,  with  confidence  in  it  remaining  so  long  un- 
shaken, and,  in  fact,  increasing,  that  it  must  be  recognized  as  probably 
an  important  process  to  be  employed  in  constructions  where  steel  tubes 
of  about  equal  diameters  throughout  their  entire  length  are  designed 
for  use  in  built-up  guns.  For  ingots,  however,  wherein  unequal  diame- 
ters find  place,  the  process  becomes  oue  of  doubtful  benefit  in  its  appli- 
cation, as  it  evidently  disturbs  the  molecular  conditions  of  the  metal; 
sections  of  difl'ereut  diameters  being  unequally  acted  upon  by  the  tem- 
pering process,  injurious  strains  are  introduced  similar  to  those  pro- 
duced by  unequal  cooling  in  masses  of  cast  iron,  where  the  areas  of 
adjacent  cross-sections  are  sensibly  and  abruptly  different. 

The  increased  hardness  and  diminution  of  the  percentage  of  elonga- 
tion in  the  metal  introduced  by  the  application  of  the  process  are  sub- 
jects for  consideration,  and  should  leave  the  question  of  tempering,  in 
^y  judgment,  one  for  consideration  and  further  experiment. 

The  increased  tenacity  and  hardness  secured  by  the  process  was  a 
matter  of  great  moment  to  the  English  constructors  when  the  Palliser 
stud  system  of  projectiles  was  standard  in  the  British  service,  as  the 
enormous  strains  brought  to  bear  on  the  bearing  edges  of  a  few  deep 
rifle  grooves  required  these  qualities  to  be  present  in  the  highest  degree 
attainable;  but  now,  when  the  Palliser  stud  system  for  securing  rota- 
tion is  a  thing  of  the  past,  it  remains  to  be  considered  if  the  merits  of 
the  oil-tempering  process  should  not  be  further  inquired  into,  both 
I  heoretically  and  experimentally,  if  practicable,  and  the  result  may  be 
that  a  modification  of  the  process,  securing  an  increase  in  toughness 
and  tenacity  to  a  more  limited  extent,  may  be  attained  without  sacri- 
ficing too  much  the  extensibility  of  the  metal,  which,  by  permitting  a 
yielding  at  the  critical  period  in  gun  practice  with  high  pressures,  instan 
taneously  produced,  adds  largely  to  the  ability  of  the  construction  to 
withstand  the  effects  of  those  powerful,  dangerous,  and  suddenly  applied 
strains. 

The  steels  used  have  not  changed  in  qualities  since  1872,  and  about 
the  same  physical  properties  obtain  now  as  then,  as  exhibited  by  their 
tests.    A  soft  steel  of  about  31  tons  i>er  square  inch  at  the  breaking 
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I)oint,  and  when  tampered  in  oil  raising  to  47  tons,  is  now,  from  the 
latest  information  in  print,  about  the  standard  required  at  the  Wool- 
wich arsenal.  The  untempered  st^  reaches  its  elastic  limit  at,  say,  13 
tons  per  square  inch,  aud  the  tempered  at  31  tons  per  square  inch.  I:^ 
ts  thus  apparent  that  the  oil-tampering  not  only  increases  the  tensile 
strength  of  the  metal,  but  also  increases  in  a  much  greater  ratio  its  elas- 
ticity. 

It  is  stated  on  good  authority  that  no  standard  of  heat  required  for 
tempering  has  been  established — diflTerent  specimens  requiring  different 
heats — ^and  hence  tests  for  the  required  temperatures  are  made  for  each 
tube  from  specimens  taken  from  their  ends.  The  more  hammered  st^elft 
require  less  heating  than  the  less  denser  or  softer  ones,  and  hence  the 
degree  of  heat  required  varies  in  every  case,  depending  on  the  grade  of 
the  steel  under  treatment  astait^  physical  properties  as  detenuined  by 
tests. 

Two  80-ton  guns,  completed,  are  also  at  Woolwich,  to  form  the  arma- 
ment of  the  Dover  Pier. 

The  capacity  of  the  Woolwich  arsenal,  it  may  be,  however,  here  re- 
marked, is  ample,  it  is  believed,  to  make  heavier  natures  than  lOOton 
guns;  and  in  fact  higher  powered  ordnance  has  been  projected  and 
within  the  capacity  of  these  government  works. 

Steel  is  favored,  as  above  remarked,  for  heavy  built-up  guns;  and  I 
am  informed  that  wire  constructions  are  being  designed,  and  that  a  wire 
gun  with  a  steel  core  will  be  one  of  the  productions  at  the  arsenal  \n 
the  immediate  future. 

The  Elswick  Works  of  Sir  William  Armstrong,  at  Xewcastle-on-Tyue^ 
next  deserve  consideration.  They  have  produced  the  largest  construc- 
tions in  England  of  their  well  known  tyi^e^  and  fn>m  which  sprang  the 
modified  form  known  as  the  Woolwich  gun. 

The  general  plan  of  their  works  is,  as  a  matter  of  some  interest,  at- 
tacheil  to  this  report.  (See  Plate  IX.)  The  general  features  of  the  works 
as  at  present  established  are  given  in  the  following  extract  from  The 
Engineer,  of  July  22,  1881: 

Pre^nt  coHdition. — We  give  herewith  a  plan  recently  made  of  the  Elswick  Works. 
It  will  be  seen  that  they  cover  an  area  of  ground  lyin>;  between  the  river  Tyue  an»; 
the  railroatl ;  aloufi^de  the  latt^^r  ruuH  also  the  high  road  and  tramway  from  New- 
castle to  Scot«wood.  The  facilities  for  transport  are  therefore  unusually  great.  W«* 
do  not  attempt  to  give  any  sketch  of  the  works,  because,  as  may  l>e  surmised  fron- 
the  plan,  they  are  too  extensive  to  admit  of  any  satisfactory  general  view  being  takeu. 
The  east  end  is  devoted  chieliy  to  onluance  work,  the  west  end  being  the  so-calleti 
engine  works,  where  the  engineering  structures  we  have  described,  such  as  bridge*^ 
iron  light- ho us*»8,  doi*k  machinery,  and  hydraulic  machinery  are  made.  The  othcen 
are  between  these  two  departnient-s,  aiul  the  principal  n>ad  aud  jetty  near  the  middle 
point.  We  do  not  propose  to  attempt  to  give  ;•  des<'riptiou  of  the  works  in  any  gen- 
eral sense, but  merely  to  notice  a  few  tVatures  such  as  characterize  the  works,  or  shoub! 
be  noticed  by  visitors  to  Elswick,  especially  engineers,  who  may  have  a  special  op- 
portunity this  summer  of  visiting  tl»es«^  works.  We  suppose  the  works  to  be  tnkv- 
erse<l  in  the  order  adopted,  as  far  as  we  understand,  ou  the  la^it  public  da3\ 

Commencing  at  the  point  forming  the  right-hand  top  corner,  or  N.  E.  corner  of  plan . 
the  tirst  obj«*cts  of  intertvst  aiv  the  <>-inch  and  40-tou  breech-loading  gun  mounted 
en  barbette.  The  method  of  mounting  aud  w<»rkiug  is  shortly  noticed  above.  It  i* 
well  to  oliserve  the  system  in  action  and  the  cover  artonle<l  to  the  detachmeni^. 
Close  to  these  guns  is  a  shrinking  pit  for  onlnance  from  the  U>0-ton  gun  downwards, 
also  nineteen  gas-pro*lucers  for  furnaces.  The  shops  then  may  l»e  taken  in  the  foUov  - 
ing  order: 

i^oilutg  (No.  *M^. — The  largest  «*ection  of  bar  has  been  V2  inch  x  10  inch  ;  length  of 
coiling  furnace,  L'H'  feet:  g.i*»  furnace  for  heating  barrels,  also  for  tempering,  with  at 
•il  well  50  feet  deep.  oNer  \^  hich  st:inds  a  hy«lraulic  hoist. 

Forfff  vNo.  ^*. — The  l.irge  haiiimer  here,  made  by  Thwaites  &  Carbutt,  Bradford, 
has  a  48-iQch  cylinder  and  l:i^  feet  stroke :  weight  of  piston  and  hammer-head,  '^^ 
tens.     Blast  smelting  furnaces,  one  faruace  building,  two  in  work,  and  mnuing  from 
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900  to  1,000  tons  a  week,  chiefly  No.  1,  2,  and  3  pig,  made  from  Spanish  and  Elba  ores, 
most  of  it  sold  for  steel-making.  The  blast  is  at  present  heated  by  horseshoe  pipes, 
bnt  Cowper's  beating  stoves  are  in  course  of  erection;  temperature  of  blast,  from  %0 
to  800 — ^abont  the  melting  point  of  sine.  The  engine  for  tbe  furnaces  is  made  by  the 
firm. 

Carriage  $ked  (No.  29). — There  are  band-saws  cutting  iron  which  may  be  noticed, 
and  Albini  carriage  on  short  recoil  and  self  ranning-np  system. 

Projectile  8tore  (No.  33). — Containing  finished  projectiles.  These  are  chiefly  made 
with  bands  only  up  to  full  diameter,  which  saves  work,  and  leaves  to  the  projectile  the 
strength  of  the  umujnred  skin  of  the  casting.  The  Palliser  chilled  projectiles  will 
be  generally  found  with  sharp-pointed  heads  struck  with  two  diameters  ogival. 

Foundry  (No.  27). — Containing  ten  cupola  furnaces,  of  which  four  are  generally  in 
work.  Forty  tons  is  about  the  maximum  weight  of  casting  made  in  the  foundry — a 
much  larger  one,  such  as  the  bed  of  the  steam-hammer,  weighing  137  tons,  being  cast 
on  its  own  ground. 

The  system  of  hydraulic  cranes  should  be  noticed.  They  are  fixed  so  as  to  work  in 
pairs,  or  three  together,  for  heavy  work. 

Engines. — Near  this  are  the  engines  f<n*  the  east  works,  and  also  those  for  the  west 
ordnance  works.  Horizontal  doubly  Corliss  engines  are  employed,  with  four  boilers; 
three  working  at  a  time.    Juke's  bars  and  system  of  stoking  is  applied  to  all. 

The  jetty  may  probably  be  ctmveniently  visited  next,  near  which  are  more  hori- 
Eontal  engines,  100  horse-power,  working  on  the  accumuUtors ;  the  water  pressure 
maintained  is  about  700  pounds  per  square  inch.  Five  or  six  locomotives  are  gener- 
ally employed  in  the  works.  On  the  east  end  of  the  jetty  are  two  fixed  hydraulic 
oranee  for  lifting  5  tons  and  30  hundred- weight ;  and  between  them,  large  hydraulic 
shears,  made  by  Day  A,  Summers,  worked  by  a  direct  acting  hydraulic  cylinder,  40- 
foot  stroke,  lifting  120  tons.  The  bag  leg  moves  so  as  to  bring  the  lifting  cylinder 
about  30  feet  ont,  15  feet  inboard  of  a  vessel.  The  foot  is  moved  by  a  screw  50  feet 
long,  with  hydraulic  engine  and  gear,  with  three  diflerent  powers.  Along  the  jetty 
mu  pipes  with  hydrants  from  18  to  36  feet  apart,  on  which  work  five  movable  cranes, 
each  lifting  about  30  hundred-weighr,  being  placed  in  position  to  suit  the  holds  of  the 
vessels  by  means  of  teles<'ope  tubes  attached  to  the  nearest  hydrants. 

The  finishing  shop  (No.  14),  may  be  taken  next  in  order.  The  proportions  of  new 
type  guns  should  oe  noticed  also;  the  breech-loading  fittings,  ^d  apparatus  for  firing 
by  electricity,  and  also  mechanically. 

No.  12  shop  is  for  small  machine  work,  completing  Gatling  machine-guns,  hydraulic 
▼alves,  &c. 

No.  2t5  is  a  machine-shop  containing  planing-machines,  &.G, 

No.  2  may  come  next,  cniefly  for  turning,  finishing,  and  boring  work,  commencing 
on  the  solid  ingot.    At  the  east  end,  guns  are  bored  verticallyin  a  pit  23  feet  deep. 

No.  11  is  a  large  machine-shop  for  turning,  boring,  and  rifling.  The  finei«t  lathe  is 
one  of  Whitworth's  for  turning,  boring,  screw-cutting,  and  rifling,  taking  a  job  44  feet 
in  length,  36  inch  centers.  There  is  also  a  convenient  one  made  by  Fairbairu,  Ken- 
nedy, Sl  Naylor,  modified  at  Elswick,  taking  a  chuck  job  20  feet  in  diameter,  4  feet 
6  inches  long,  or  a  job  34  feet  long  and  8  feet  in  diameter.  It  is  fitted  with  slide  rests 
on  independent  beds.    There  are  chambering  and  rifling  machines. 

There  may  be  steel  ingots  here  deserving  of  notice,  such  as  one  now  waiting  be- 
tween operations,  supplied  by  Vickers,  3*2  feet  long,  for  a  13-inch  breech-loading  gun 
inner  tube,  and  a  steel  tube  replacing  the  *'2  A"  coil  for  100-ton  gun,  supplied  by  Whit- 
worth.    Close  by  this  building  is  another  Corliss  engine,  169  horse-power. 

No.  4.  Forge :  Crank-shaft,  and  gun  work,  coil  welding,  &.C.,  performed.  The  steam- 
hanuners  here,  from  24  tons  to  15  cwt.,  chiefly  Morrison^s  make. 

No.  1.  Small  machinery,  turning  and  boring  out  short  coils.  There  is  a  large  end- 
less band-saw,  If  inches  wide,  which  cuts  directly  through  iron  cylindrical  work  about 
16  inches  in  diameter.    Its  speed  is  from  76  feet  to  129  feet  per  minute. 

It  will  be  seen  that  the  facilities  of  these  works  are  ample  in  every 
respect  for  ordnance  constructions;  and  when  we  come  to  consider  the 
decidedly  advanced  progress  (to  be  hereafter  mentioned)  in  the  adapta- 
tion of  steel  in  its  strongest  form-^ribboned — in  gun  constructions  of 
light  weight  combined  with  great  power,  it  must  be  admitted  that  in  the 
pure  question  of  the  building-up  of  guns  to  resist  the  drafts  upon  them, 
especially  by  tangential  strains,  far  beyond  standanl  limits  in  England, 
Sir  William  Armstrong  &  Co.  are  farthest  advanced  as  the  pioneers 
in  Great  Britain  of  a  system  destined,  probably,  to  solve  in  the  most 
satisfactory  manner  the  problem  of  heavy  gun  construction,  in  the  pres- 
ent state  of  the  art,  in  producing  tli»^  metals  deemed  most  suitable  for 
making  sound  and  reliable  ordnance. 

15  OBD 
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The  ordnance  works  were  in  active  operation  daring  my  visit  in  Octo- 
ber, 1881,  and  various  parts  appertaining  to  guns  were  in  process  of  con- 
struction. On  hand,  or  in  process  of  completion,  or  ordered  at  the  time, 
were  mnzzleloading  and  breech-loading  guns  of  various  calibers,  to  wit: 
Ginch  and  8-inch  new  modeled  breech-loading  guns;  a  100- ton  breech-load- 
ing, 17  inch  caliber ;  a  muzzle-loading  gun  of  the  same  weight,  with  a 
caliber  of  17.75  inches;  ten  8inch  breech  loading  26-ton  guns,  Arm- 
strong coiled  system;  two  43-tou  breech-loading  gnus  of  the  ordinary 
Armstrong  type  (steel  tube  with  coiled  jackets) ;  two  10-inch  26-ton  guns, 
and  a  44-ton  breech-loading  13-inch  ribboned  gun.  Two  21-ton  lO^-inch 
guns  had  been  almost  completed,  and  have  since  been  tested  with  results 
which  will  be  found  noticed  further  on  in  this  report. 

Sufficient  allusion  has  been  heretofore  made  to  the  ordinary  Armstrong 
construction  as  represented  in  its  highest  type — the  100  ton  guns — as 
built  at  the  Elswick  Works,  both  for  the  English  service  and  Italian 
navy.  This  system,  like  its  kindred  one,  the  Fraser,  has,  in  all  proba- 
bility, more  than  an  adequate  amount  of  tangential  strength  for  the 
heaviest  charges,  but  it  may  be  a  question  if  it  has  a  surplus,  or  even  a 
sufficiency,  of  longitudinal  resistance  to  meet  the  requirements  of  mod- 
em ideas  as  to  the  necessities  of  using  large  quantities  of  powder  rela- 
tively to  former  usage,  and  the  extra  demands  for  strength  arising  from 
this  cause. 

The  principal  portion,  if  not  all,  the  longitudinal  stress  is  borne  by  the 
steel  tube,  the  wrought-iron  hoops  only  giving  such  assistauce  along 
the  length  of  the  tube  as  arises  from  the  grip  from  shrinkage.  The 
Woolwich  gun  is  an  improvement  in  this  rcjspect,  as  the  wrouglit-iron 
jackets  are  so  united  as  to  aiford  a  greater  de«:n^e  of  longitudinal  sup- 
port to  the  interior  tube.  The  introduction  of  chambers  considerably 
increased  in  diameter  relative  to  caliber  gives  rise  to  conical  surfaces 
at  the  bottom  and  top  of  the  powder  receptacle,  aiid  leads  to  an  addi- 
tional amount  of  longitudinal  stress  not  finding  place  in  the  nnchambered 
system  heretofore  made,  and  now  supei-seded  by  the  present  type-s,  both 
for  muzzle-loading  and  breech  loading  rides. 

The  accident  on  the  Italian  iron-clad  Duilio — the  longitudinal  ruptur- 
ing of  a  100-ton  gun — tends  to  lead  at  least  to  the  inquiry  if  a  sufficiency 
of  longitudinal  strength  is  found  in  the  system  to  meet  all  the  abnor- 
mal results  (such  as  wave  actions  in  combustion  of  charges)  which  can 
possibly  arise  in  gun  practice  with  the  comparatively  enormous  cali- 
bers of  the  present  day.  Even  if  it  was  deemed  safe  to  truf't  the  pi*e8- 
ent  provisions  for  longitudinal  strain  for  all  possible  contingencies  of 
the  development  in  filing  of  dangerous  and  high  pressures,  yet  it  would 
seem  that  adilt'erent  arrangement,  promising  the  attainment  of  increased 
strength  in  all  directions,  should  be  considered. 

The  introduction  of  a  tempered  but  thin  auxiliary  tube  of  sufficient 
thickness  of  walls  to  provide  for  the  chamber,  and  probably  i)rovide  a 
few  calibers'  increase  of  length  by  protruding  at  the  muzzle,  would,  it  is 
thought,  enable  us  to  secure  a  better  construction,  not  only  for  longitu- 
dinal but  tangential  strains.  The  tube  having  no  bottom  would  only 
be  subjected  longitudinally  to  a  forward  thrust  from  the  pressures  on  the 
throat  of  the  chamber  and  the  frictional  drag  of  the  projectile. 

The  breech  block  will  find  place  on  the  superimposed  steel  section  of 
a  calculated  strength  to  fully  sustain  the  longitudinal  thrust  which  takes 
place  by  strains  operating  from  a  point  Wappui  at  the  bottom  of  the  bore, 
or  rather  on  the  surface  of  the  fermeture.  The  last  modeled  French 
constructions,  built  up  and  only  using  steel,  are  so  designed.  They  will 
be  further  alluded  to  when  reference  to  French  heavy  ordnance  is  made. 
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The  most  promineut  recent  developments  at  the  Elswick  Works  are 
the  experiments  with  and  the  proiluction  of  wire  or  *' ribboned^  ^uns. 
The  successful  test  of  a  6inch  gun  of  this  type  has  led  to  the  fabrica- 
tion of  10.236-inch  and  13-inch  calibers,  respectively,  the  former  having 
only  a  weight  of  21  tons,  and  the  latter  a  weight  of  44  tons,  thus  secur- 
ing a  gun  of  much  greater  power  than  the  12-inch  43-ton  gun  of  the 
ordinary  Armstrong  type. 

Preliminary  to  a  description  of  these  novel  constructions,  the  follow- 
ing remarks  of  Sir  William  Armstrong  on  this  snbject,  found  in  his 
"  Presidential  Address  to  the  Institution  of  Civil  Engineers,'^  printed 
January,  1882,  may  be  of  interest,  and  the  attention  of  the  Department 
is  accordingly  called  to  them : 

Bnt  the  problem  is  ever  before  as  how  to  lessen  the  weight  and  increase  the  power 
of  lieavy  ordnance,  and  we  cannot  rest  satisfied  with  results,  however  good,  if  they 
be  not  the  best  that  appear  to  be  attainable.    In  saying  this  I  am  led  to  speak  of  a 
system  of  constrnction  which  has  not  yet  passed  through  the  experimental  stage,  bnt 
which,  from  the  results  it  has  already  given,  promises  to  attain  a  wide  application. 
I  refer  to  that  system  in  which  the  coils  surrounding  the  central  tube  consist  of  steel 
wire,  or  ribbons  of  st«el,  wound  spirally  npou  the  tube.    To  tho?«e  who  object  to  welded 
coil  tnbes  on  the  ground  of  supposed  deficiency  of  longitudinal  strength  this  mode  of 
constrnction  must  appear  especially  faulty,  inasmuch  as  lateral  ailhesion,  instead  of 
being,  as  contended,  merely  deficient,  is  altogether  absent,  while  to  those  who  advo- 
cate the  present  coil  system  this  variety  of  it  must  commend  itself  as  alfordlng  the 
greatest  possible  amount  of  circumferential  strength  that  can  be  realized  from  the 
material  employed.    Steel  in  the  form  of  wire  or  drawn  ribbon  possesHcs  far  greater 
tenacity,  and  also  grater  toughness,  than  in  any  other  condition;  and  in  applying  it 
to  guns  we  have  perfect  command  of  the  tension  with  which  each  layer  is  laid  on. 
The  idea  of  nsinff  wire  for  this  purpose  is  far  from  new.    It  formed  the  subject  of  a 
patent  obtained  by  Captain  Blaicely  in  February.  1855.  and  also  of  a  patent  taken  by 
Mr.  Longridge  a  few  months  later,  soon  after  wnich  time  the  lat«  Mr.  Brunei  con- 
ceived.the  same  idea,  and,  in  ignorance  of  the  existence  of  any  patents  on  the  subject, 
commissioned  me  to  make  for  him  a  cannon  upon  this  principle;  but  as  soon  as  ho 
discovered  that  the  ground  was  occupied  by  patents  he  gave  up  the  proiect,  and  for 
the  jiame  reason  I  abandoned  it  myself.     Mr.  Longridge  has  persistently  advocated 
the  nse  of  wire  for  this  purpose,  and  has  more  than  once  brought  the  subject  before 
this  institntion.    He  has  also  suggested  a  form  of  gun  designed  with  a  view  of  obvi- 
ating the  objection  of  want  of  longitudinal  strength,  but  I  am  not  aware  that  his 
method  of  construction  has  been  reduced  to  practice.    Of  the  theoretical  advantage 
of  this  system  there  can  be  no  doubt,  but  the  difficulties  only  begin  when  we  endeavor 
to  put  the  theory  into  practice,  and  no  solution  of  the  problem  of  how  to  do  it  can  be 
act'cpted  without  the  production  and  trial  of  an  actual  gun.    My  own  attention  was 
redirected  to  the  subject  nearly  five  years  ago,  when  the  patents  had  long  expired ; 
and,  after  making  various  preliminary  trials  with  small  wired  cylinders,  a  Q  inch 
breech- loading  gun  of  this  construction  wae  commenced  in  1879,  and  finished  in  the 
beginning  of  the  following  year,  since  which  it  has  undergone  many  severe  trials. 
Th-^  charges  used  with  it  were  large  beyond  precedent,  and  the  energies  developed 
proportionally  high.    Being  satisfied  with  the  results  obtained  with  this  gun,  a  sec- 
ond one  of  larger  dimensions  was  commenced,  and  is  now  finished.    Its  caliber  is  26 
centimeters,  or  about  10^  inches.     Its  length  is  29  calibers,  and  its  weight  is  21  tons. 
In  the  previous  gun  I  depended  for  end  strength  upon  the  thickness  of  barrel  only, 
bnt  in  the  new  one  layers  of  longitudinal  riblions  are  interpos-d  between  the  coils  in 
the  proportion  of  one  longitudinal  layer  to  four  circular  layers.    The  longitudinals 
are  secured  to  the  trunnion  ring  at  one  end,  and  to  a  breech  ring  at  the  other,  and  are 
in  themselves  calculated  as  sufficient  to  resist  the  end  strain  on  the  breech  independ- 
ently of  the  strength  aflbnied  by  the  tube.    The  whole  is  encased  in  hoops  shrunk 
upon  the  exterior  of  the  coil,  for  the  treble  purpose  of  i»rotection  from  injury,  of  pre- 
venting slipping  in  the  event  of  the  failure  of  an  external  strand,  and  of  adding  to  the 
strength  of  the  gun.    This  gun  has  already  l)een  tried  and  given  results  which,  in 
relation  to  its  weight,  are  unexampled  except  by  its  6-inch  prt*deces8or.    Various 
attempts  have  also  l)een  made  abroad  to  reduce  this  system  to  practice,  and  it  is  under- 
stood that  the  French  are  at  present  engaged  in  making  experimental  guns  upon  the 
same  general  principle.    With  regani  to  the  ribbon  form  of  section,  I  prefer  it  to  a 
square  section  of  equal  area,  as  being  more  favorable  for  bending  over  a  cylinder;  but 
any  rectangular  form  is  bett-er  than  round  wire  on  account  of  the  flat  bedding  sur- 
fycea  it  affords. 
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The  general  features  of  the  wire  system  are  the  bailding  np  from  a 
steel  tube^  about  oae-balf  a  caliber  thick^  a  gun  about  a  caliber  iu  thick- 
ness of  walls,  by  wrapping  around  a  tube  ribboned  wire,  or  rather  wire 
of  a  rectangular  cross-section — under  varying  tension — ^ror  different  dis- 
tances from  the  axis  of  the  bore,  the  ribbons  being  applied  longitudi- 
nally as  well  as  circumferentiitlly ;  the  wire  being  covered  with  hoops  of 
steel  or  wrought  iron  of  varying  lengths,  yet  comparatively  sliort,  add- 
ing a  protection  to.the  wire,  finish  to  the  gun,  and  so  locked  in  with  the 
body  underneath  as  to  give  increased  longitudinal  strength.  Its  gen- 
general  mode  of  construction,  and  the  machinery  employed  for  produc- 
ing these  guns,  can  best  be  brought  to  the  attention  of  the  department 
by  the  subjoined  copy  of  letters  patent  granted  to  Sir  William  Arm- 
strong, under  date  of  December  28, 1880,  and  June  27, 1881,  and  the 
appended  plates. 

J.  D,  1880,  28<*  December,    No,  bAAQ.^Ordnance^  fe, 

BETTERS  PATENT  TO  SIR  WILLIAM  GEORGE  ARMSTRONG,  OF  ELSWICK  WORKS,  NEW- 
CASTLE-UPON-TYNE, KNIGHT  C.  B.,  FOR  AN  INVENTION  OF  "IMPROVEMENT  IN  OKI>- 
NANCE,  AND  IN  APPARATUS  TO  BB  USED  IN  THE  CONSlRUCriON  OF  ORDNANCE." 

Provisional  specification  left  by  the  said  Sir  William  Qeorge  Armstrong  at  the  office 
of  the  Commissioner  of  Patents  on  the  28th  of  December,  1880. 

Sir  William  Qeorge  Armstrong,  of  Elswick  Works,  Newcastle  npon-Tyne,  Knight 
C.  B.  Improvement  iu  ordnance,  and  in  apparatus  to  be  ui»ed  in  tne  construction  of 
ordnance. 

This  invention  has  for  its  object  improvement  in  ordnance,  and  in  apparatus  to  be 
used  in  the  construction  of  ordnance,  and  relates  to  that  class  of  ordnance  in  which 
stren^h  is  obtained  by  coiling  wire  upon  a  tube  or  cylinder  under  definite  tension. 

I  will  proceed  to  describe  the  apparatus  which  I  employ  in  coiling  wire  upon  the 
tube  or  cylinder. 

The  wii-e  to  be  used  for  this  purpose  is  reeled  upon  a  pair  of  drums  mounted  iu  a 
frame  which  slides  by  the  action  of  a  leading  screw  in  a  direction  parallel  to  the 
tube  or  cylinder  on  which  the  wire  is  to  be  coiled.  Only  one  of  these  drums  is  used 
at  once,  the  other  being  left  at  liberty  for  receiving  a  fresh  supply  of  wire  ready  for 
application  when  the  wire  on  the  other  drum  has  been  wound  off.  At  the  commence- 
ment of  the  process  the  outer  end  of  the  reel  of  wire  is  made  fast  to  the  tube  upon 
which  the  wire  is  to  1>e  wrapped,  and  which  tube  is  rotated  in  a  lathe  or  other  simi- 
lar machine,  by  which  means  the  wire  is  drawn  off  the  drum  and  coiled  spirally  upon 
the  tube.  The  frame  containing  the  drums  is  traveled  at  such  a  rate  as  will  lend 
the  wire  on  in  a  close  spiral,  and  the  varying  speed  which  is  required  for  this  pur- 
pose may  be  effected  by  any  of  the  ordinary  feed  motions  in  screw-cutting  lathes,  or 
other'lathes,  or  iu  a  more  satisfactory  manner  by  applying  a  small  three-cylinder 
hydraulic  eucine  to  revolve  the  screw,  the  speed  being  regulated  by  varying  the  open- 
ing of  the  valve  by  which  the  water  is  admitted t  to  the  engine. 

The  degree  of  tension  to  be  put  upon  the  wire  is  controlled  and  regulated  by  the 
apparatus  to  be  next  dcHcribed.  Lach  drum  in  traveling  with  the  frame  slides  upon 
a  square  shaft  which  revolves  with  the  drum,  but  permits  the  drum  to  slide  upon  it 
the  whole  length  of  the  travel.  Upon  one  end  of  each  shaft  there  is  fixed  a  friction 
wheel  to  prevent  the  shaft  from  turning  except  under  the  resistance  of  the  friction 
put  upon  the  wheel  by  means  of  a  band  which  surrounds  it.  This  band  has  two 
levers  attached,  one  of  which  is  a  mere  arm  projecting  from  it,  and  the  other  has  a 
fulcrum  upon  one  end  of  the  band  and  pulls  upon  the  other  end  by  means  of  a  short 
crank,  as  is  usual  in  friction  brakes,  and  bv  ^hicb  means  the  baud  is  tightened  upon 
the  wheel.  These  two  levers  are  parallel  to  each  other,  or  nearly  mo,  the  one  for 
tightening  the  band  being  the  upper  one.  When  these  levers  are  drawn  together  at 
the  outer  ends  the  friction  baud  tightens,  and  when  the  ends  are  drawn  apart  the 
friction  is  relaxed.  Suppose,  then,  these  two  levers  to  be  projevting  from  the  band 
rather  below  the  horizontHl  p>osition,  and  the  upper  one  to  be  sufficiently  weighted  at 
the  end  to  produce  a  friction  on  the  wheel  somewhat  in  excess  of  the  equivalent  ten- 
sion to  be  put  upon  the  wire;  snpposc,  further,  that  the  lower  lever  or  arm  be  loaded 
with  Huch  a  weight  as  will,  when  added  to  the  weight  on  the  tightening  lever,  and 
after  taking  into  account  the  weight  of  the  levers  themselves,  balance  the  required 
tension  on  the  wire.  Under  these  conditions  when  the  wire  is  drawn  off  the  drum 
the  weight  will  be  lifted,  and  would  be  carried  round  the  circle  were  it  not  that  pro- 
vision IS  made  to  cause  the  levers  to  separate  as  they  rise,  and  thereby  lessen  the 
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friction,  ftnd  as  the  same  provision  causes  them  to  close  as  they  fall,  and  therehy  in- 
crease the  friction,  it  is  easy  to  see  that  they  may  be  made  to  adjast  themselves  in 
the  horizontal  position,  or  within  limits  snfficiently  near  to  it.  This  provision  con- 
sists of  a  chain  carried  over  a  pulley  fixed  above  the  levers,  and  over  another  pulley 
fixed  beneath  them.  One  end  of  this  chain  is  attached  to  the  upper  or  tightening 
lever  at  any  distance  from  the  center  of  the  wheel,  and  the  other  end  of  the  chain, 
after  passing  over  the  lower  pulley,  is  attached  to  the  lower  lever  at  a  point  a  little 
more  distant  from  the  center  than  the  other  point  of  attachment.  The  slack  of  the 
chain  is  taken  up  by  an  adjusting  screw  or  any  other  convenient  arrangement.  If 
the  levers  now  rise  the  chain  is  taken  up  by  the  lower  lever  a  little  quicker  than  it  is 
slacked  off  by  the  upper  one,  the  difference  being  proportionate  to  the  difference  of 
radial  distance  of  the  two  points  of  attachment  from  tne  center  of  the  wheel.  The 
result  is  that  the  levers  are  gently  separated  without  materially  affecting  the  aggre- 
gate load  upon  them,  and  thus  the  friction  is  reduced  until  it  no  longer  exceeds  the 
required  tension  on  the  wire.  On  the  other  hand,  if  the  friction  becomes  too  little 
to  hold  up  the  weigh tn,  the  levers  begin  to  descend,  and  in  so  doing  the  reverse  action 
of  the  chMU  allows  them  to  close,  and  thereby  augments  the  friction  until  the  tension 
and  the  friction  again  reach  equilibrium. 

Thus,  by  allowing  the  levers  to  range  up  and  down  a  short  distance  above  and 
below  the  horizontal  Hue  the  wire  can  be  wound  off  the  drum  with  a  practically 
Duiibrm  tension,  and  the  amount  of  that  tension  can  be  regulated  by  the  combined 
load  on  the  levers. 

It  is  not  necessary  to  put  any  part  of  the  weight  upon  the  lower  lever;  but  in  that 

case  the  variation  of  the  load  due  to  the  differential  action  of  the  chain  will  be  at  a 

^maximum,  and  although  it  may  not  even  then  be  sufficiently  large  to  have  any  serious 

disturbing  effect,  it  is  better  to  divide  the  weight,  and  so  reduce  the  disturbance  as 

much  as  practicable. 

To  guard  against  a  jerking  action  being  set.  up  by  the  elasticity  of  the  levers  and 
the  changes  from  friction  of  rest  to  friction  of  motion,  I  apply  a  cataract  cylinder  and 
piston  beneath  each  cylinder,  to  prevent  its  too-sudden  descent  at  any  moment.  The 
aame  steadying  effect  may  be  obtained  by  nsin^  a  **  fly,^  which  resists  any  sudden 
change  of  motion  by  fanning  the  air  or  any  fluid  m  which  it  is  immersed. 

For  the  purpose  of  winding  the  wire  u])on  each  drum,  hand  gear  is  applied  to  enable 
the  wire  to-be  taken  on  while  the  other  is  paying  off 

I  use  a  three-cylinder  hydraulic  engine  for  rotating  the  tube  on  which  the  wire  is 
coiled,  because  a  more  steady  and  adjustable  action  can  be  attained  by  such  an  enciue 
than  by  the  use  of  steam  power,  applied  either  separately  and  directly  to  the  coiTiug 
machine,  or  through  the  medium  of  shafting  used  for  driving  other  machinery  as  well. 

The  wire  is  of  rectangular  section,  and  it  is  coiled  upon  the  tube  or  cy Under  be- 
tween shoulders,  one  at  either  end.  The  wire  is  secured  to  the  shoulders  at  the  com- 
mencement and  at  the  end  of  each  layer.  For  this  purpose  radial  grooves  are  cut  in 
the  shoulders.  The  wire  before  commencing  to  coil  is  headed  at  the  end,  and  the 
head  is  inserted  into  one  of  the  radial  grooves  corresponding  in  form  with  the  hea<i. 
To  secure  the  end  of  the  wire  on  the  completion  of  the  layer,  the  wire  as  it  lies  upon 
the  cylinder  is  bent  or  bulged  out  so  as  to  make  it  enter  a  groove  (of  another  form) 
in  the  shoulder.  The  bending  is  effected  by  the  insertion  of  a  tapere<l  tool  between 
the  last  convolution  of  the  wire  and  that  which  immediately  precedes  it.  The  groove 
in  the  shoulder  is  of  such  a  form  as  t^o  be  tilled  by  the  bulge  in  the  wire  thus  pro- 
duced. Several  tools  may  be  employed  in  succession  to  force  the  wire  home  into  the 
groove,  and  then  a  small  filling  piece  is  inserted  into  the  cavity  produced  between 
the  two  adjacent  convolutions  of  the  wire.  Tapered  tilling  pieces,  passing  around 
the  cylinder,  are  laid  against  the  shoulder,  both  at  the  commencement  and  the  ending 
of  the  coiling  of  each  layer  of  wire.  These  tilling  pieces  occupy  ^he  spaces  which 
would  otherwise  be  left  vacant  between  the  coils  and  the  shoulders.  Over  the  coiled 
wire  a  jacketing  tube,  in  one  or  several  pieces,  is  applied,  and  is  made  to  add  to  the 
longitudinal  strength  of  the  barrel  through  the  intervention  of  a  hoop  fixed  upon  the 
breech  end  of  the  barrel  beyond  the  base  of  the  bore.  This  hoop  may  be  notched  or 
hooked  upon  the  barrel  in  the  usual  manner  where  end  hold  is  to  be  given ;  and  tlie 
lacketing  cylinder  may  be  similarlv  attached  to  the  exterior  circumference  of  the 
hoop,  or  the  attachment  may  in  both  cases  be  effected  by  the  method  hereinafter  de- 
scribed. 

Where  the  necessary  longitudinal  strength  cannot  be  obtained  without  making  the 
barrel  of  objectionable  thickness,  I  either  make  up  the  deficiency  by  shrinking  upon 
the  barrel  an  additional  cylinder,  above  which  the  wire  coils  are  applied,  or  I  iiter- 
pose  between  any  two  layers  of  spiral  wire,  or  above  or  below  them  all,  a  layer  or 
layers  of  longitndinal  wires  or  rocls,  which  are  held  against  end  strain  by  the  fric- 
tion doe  to  toe  ptessnre  of  the  superposed  material  in  tension,  and  where  the  super- 
posed materia]  is  deficient  in  thickness  for  that  purpose,  I  head  the  ends  of  the  wires, 
so  that  they  may  take  hold  of  a  hoop  firmly  attached  to  the  barrel. 

In  order  to  obtain  whore  needed  a  more  effectual  longitudinal  connection  between 
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an  envelopiDfi:  cylinder  and  the  barrel  or  o.'t  Under  it  iucloAes  than  is  afforded  by  the 
usual  method  of  notching  and  hookiug,  I  slightly  reduce  in  diameter  the  end  of  the 
barrel  or  iucloued  cylinder  for  a  few  inches  in  length,  and  scraw  the  reduced  surface. 
I  also  screw  the  enveloping  cylinder  for  a  similar  length  at  the  same  end,  so  that 
Avhuii  it  is  shrunk  upon  the  barrel  an  anuular  cavity  is  left  between  the  two  screwed 
surfaces.  Into  this  cavity  I  pour  melted  phosphor  bronze  or  other  suitable  metal, 
which  is  thus  molded  into  the  form  of  an  interlocking  screw. 

Specification  in  pursuance  of  the  conditions  of  the  letters  patent  filed  by  the  said  Sir 
William  Qeorge  Armstrong,  in  the  Qreat  HeaX  Patent  Ofllce,  on  the  27th  June,  lHt:<l. 

Sir  William  George  Armstrong,  of  Elswick  Works,  Newcastle-upon-Tyne,  Knigh* 
C.  B.  ''Improvements  in  ordnance  and  in  apparatus  to  be  used  in  the  construction  o^ 
ordnance." 

This  invention  has  for  its  object  improvements  in  ordnance  and  in  apparatus  to  be 
used  in  the  construction  of  ordnance,  and  i  elates  to  that  class  of  ordnance  in  which 
strength  is  obtained  by  coiling  wire  upon  a  tnlte  or  cylinder  under  definite  tension. 

In  using  the  term  ''wire"  in  this  specification,  I  mean  steel,  or  iron,  or  other  duc- 
tile metal  reduced  by  drawing,  rolling,  or  otherwise,  to  a  sufficiently  attenuated  sec- 
tion for  wrappinp^,  in  the  cold  state,  npon  a  gun  cylinder,  and  I  do  not  coutine  the 
term  to  any  particular  fonn  of  section. 

I  will  proceed  to  describe  the  apparatus  which  I  employ  in  coiling  wire  u]k>u  the 
tube  or  cylinder. 

The  wire  to  be  used  for  this  purpose  is  reeled  upon  a  pair  of  drums  mounted  in  a 
frame,  which  slides  by  the  action  of  a  leading  screw  in  a  direorion  parallel  to  the 
tube  or  cylinder  on  which  the  wire  is  to  be  coiled.  Only  one  of  these  drums  is  used* 
at  once,  tne  other  being  left  at  liberty  for  receiving  a  fn-sh  supply  of  wire,  ready  for 
application  when  the  wire  on  the  other  drum  has  beeu  wound  off.  At  the  oomnience- 
meiit  of  the  process  the  outer  end  of  the  reel  of  wire  is  made  fast  to  the  tube  upon 
which  the  wire  is  to  be  wrapped,  and  which  tube  ih  rotated  in  a  lathe,  or  other  Kimi- 
lar  machine,  by  which  means  the  wire  is  drawn  off  the  drnm  and  coiled  spirally  upon 
the  tube.  The  frame  containing  the  drums  is  traveled  at  such  a  rate  as  wiil  lead  the 
"wire  on  in  a  close  spiral,  and  the  varying  spetd  which  is  requiretl  for  this  purpose 
may  be  affected  by  any  of  the  ordinary  feed  motions  in  screw-cutting  lathes,  or  oi  her 
lathes,  or  in  a  more  satisfactory  manner  by  applying  a  small  three-cylinder  hydraulio 
engine  to  revolve  the  screw,  the  speeil  iieiiig  regulated  by  varying  the  opening  of  the 
Yalve  by  which  the  water  is  admitted  to  the  engine. 

The  degree  of  tension  to  be  put  upon  the  wire  is  controlled  and  regulated  by  the 
apparatus  to  be  next  described.  Each  drum  traveling  with  the  frame  slides  upon  a 
square  shaft  which  revolves  with  the  drum,  but  peruiits  the  drum  to  slide  upon  it  the 
wbole  length  of  the  travel.  Upon  one  end  of  each  shaft  there  is  fixed  a  friction  wheel 
to  prevent  the  shaft  from  turning,  except  under  the  resistance  of  the  friction  put  npon 
the  wheel  by  means  of  a  band  which  surnmnds  it.  This  band  has  two  levers  attached, 
one  of  which  is  a  mere  arm  projecting  from  it,  and  the  other  has  a  fulcrum  upon  one 
end  of  the  band,  and  pulls  niion  the  other  end  by  means  of  a  short  crank,  as  is  usual 
in  friction  brakes,  aiuf  by  which  means  the  band  is  tightened  upon  the  wheel.  These 
two  level's  are  parallel  to  each  other,  or  nearly  so,  the  one  for  tightening  the  band 
being  the  upper  one.  When  these  levers  are  drawn  together  at  the  outward  ends  the 
friction  band  tightens,  and  when  the  ends  are  drawn  apart  the  friction  is  released. 
Suppose,  then,  these  two  levers  to  be  nrojeetiug  from  the  band  rather  below  the  hf»ri- 
zontal  position,  and  the  upper  one  to  be  sufficiently  weighted  at  the  end  to  produce  a 
friction  on  the  wheel  somewhat  in  excess  of  the  equivalent  tension  to  be  put  ujion  the 
-wire;  suppose,  further,  that  the  lower  lever  or  arm  be  loaded  with  such  a  Weight  as 
-will,  when  added  to  the  weight  on  the  tightening  lever,  and  after  takiug  into  account 
the  weight  of  the  levers  themselves,  balance  the  required  tension  on  the  wire.  Under 
these  conditions,  when  the  wire  is  drawn  off  the  drum  the  weight  will  be  lifted,  and 
would  be  carried  round  the  circle  were  it  not  that  provision  is  msnie  to  canso  the 
levers  to  separate  as  they  rise,  and  thereby  lessen  the  friction;  and, as  the  same  pro- 
vision causes  them  to  close  as  they  fall,  and  theieby  increase  the  friction,  it  is  easy  to 
see  that  they  may  be  made  to  adjust  themselves  in  the  horizontal  position,  or  within 
limits  sufficiently  near  to  it.  This  provision  consists  of  a  chain  carried  over  a  pul  ey 
fixed  above  the  levers,  and  over  another  pulley  fixed  beneath  them.  One  end  i»f  this 
chain  is  attached  to  the  upper  or  tightening  lever,  at  any  distance  from  the  center  of 
the  wheel,  and  the  other  end  of  the  chain,  alter  passing  over  i he  lower  pulley,  is  at- 
tached to  the  lower  lever  at  a  point  a  little  more  distant  from  the  center  than  the 
other  point  of  attachment.  The  slack  of  the  chain  is  taken  up  bv  an  adjusting  screw 
or  any  other  convenient  arrangement.  If  the  levers  now  rise  the  chain  is  taken  np 
by  the  lower  lever  a  little  quicker  than  it  is  slacked  off  by  the  upper  one,  the  difft-r- 
ence  l»ein«r  proportionate  to  the  difference  <*f  radial  distance  of  the  two  points  of  at- 
tachment fwm  the  center  of  the  wheel.    The  result  is  that  the  levers  are  gen»ly  sep- 
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•rated  without  materially  affecting  the  aggregate  load  npon  them,  and  thns  the  friction 
is  reduced  until  it  no  longer  exoeedM  the  required  tension  on  the  wire.  On  the  other 
hand,  if  the  friction  becomes  too  little  to  hold  up  the  weights  the  levers  begin  to  de- 
scend, and,  in  so  doing,  the  reverse  action  of  tne  chain  allows  them  to  close,  and 
thereby  augments  the  friction  until  the  tension  and  the  friction  again  reach  equilib- 
rium. 

Thus  by  allowing  the  levers  to  range  up  and  down  a  short  distance  above  and  below 
the  horizontal  line,  the  wire  can  be  wound  off  the  drum  with  a  practically  uniform 
tension,  and  the  amount  of  that  tension  can  be  regulated  by  the  combined  load  on 
the  levers.  It  is  not  necessary  to  put  any  part  of  the  weight  npon  the  lower  lever; 
but  in  that  case,  the  variation  of  the  load  due  to  the  differential  action  of  the  chain 
will  be  at  a  maximum,  and  although  it  may  not  even  Chen  be  sufficiently  largo  to 
have  any  serious  di^turbiug  effect,  it  is  ht-tter  to  divide  the  weight,  and  so  reduce  the 
disturbance,  as  much  as  practicable.  Although  a  chain  attached  to  the  levers  at  dif- 
ferent radial  distances,  and  passing  over  pulleys,  is  a  very  simple  and  effective  method 
of  producing  the  closing  and  separating  action  of  the  levers,  yet  it  is  not  a  nec«^8s:iry 
feature  in  the  arrangement,  as  the  same  effect  may  be  produced  on  the  levers  by  other 
appliances. 

To  guard  against  a  jerking  action  being  set  up  by  the  «'lasticity  of  the  levers,  and 
the  changes  from  friction  of  rest  to  friction  of  motion,  I  apply  a  cataract  cylinder  antl 
piston  beneath  each  lever,  to  prevent  its  too  sudden  descent  at  any  moment.  The 
same  steadying  effect  may  be  attained  by  usinga  "fly,*' which  resists  any  sudden  change 
of  motion  by  fanning  the  air  or  any  iliiid  in  which  it  is  immersed. 

For  the  purpose  of  winding  the  wire  upon  each  drum,  hand  gear  is  applied  to  enable 
the  wire  to  be  taken  on  while  the  other  is  paying  off. 

I  I  use  a  three-cylinder  hydraulic  engine  forrotating  the  tnbeon  which  the  wire  is  coiliMl, 
because  a  more  steady  and  adjustable  action  can  l>e  attained  by  such  an  engine  than 
by  the  use  of  steam  ]>ower,  ai»p1ied  either  separately  and  directly  to  the  coiling  ma- 
chine, or  through  the  medium  of  shafring  ust^l  for  driving  other  machinery  as  wmII. 

I  prefer  wire  of  a  rectangnlar  section,  and  it  is  coilt^d  upon  the  tube  or  cy1in<1er 
between  shoulders,  one  at  either  en«l.  The  wire  is  secured  to  the  shoulders  at  the 
commencement  ancAit  the  end  of  each  layer,  or  if  wire  of  sufficient  length  be  used, 
it  may  l>e  coiled  to  and  fro,  so  that  more  than  one  layer  may  bn  completed  before  the 
terminating  fastening  Ins  made.  For  this  purponera^lial  grooves  are  cut  in  theshnuldnrM. 
The  wire,  before  comm«*ncing  to  coil,  is  gibhed  or  headed  at  the  end,  and  the  head  is 
inserted  into  one^f  the  radial  grooves  corresponding  in  form  with  the  head.  To  secure 
the  end  of  the  wire  <m  the  completion  of  the  layer,  the  wire  as  it  lies  npon  tho  cylin- 
der is  bent  or  bulge^l  out  so  as  to  make  it  enter  a  groove  (of  another  form)  in  the 
shoulder.  The  bending  Is  effected  by  the  insertion  of  a  tapered  toot  between  the  last 
convolution  of  the  wire  and  that  which  immediately  precedes  it.  The  groove  in  the 
ehonlder  is  of  such  a  form  as  to  be  tilled  by  the  bulge  in  the  wire  thus  produced* 
Several  tools  may  be  employed  in  succnsHion  to  force  the  wire  home  into  the  groove, 
and  then  a  small  filling  piece  is  inserted  into  the  cavity  produced  between  the  two 
Adjacent  convolutions  of  the  wire.  Tapered  filling  pieces,  passing  aronnd  the  cylinder 
are  laid  against  the  shoulder,  l>oth  at  the  commencement  and  the  ending  of  the  coiling 
of  each  layer  of  wire.  These  filling  pieces  occupy  tho  spaces  which  would  otherwise 
be  left  vacant  between  the  coils  and  the  Mhoulders.  Over  the  coiled  wire  a  Jacketii  g 
tu1»e,  in  one  or  several  pieces,  is  applied,  and  is  made  to  add  to  the  longitudinal  strength 
of  the  barrel,  through  the  intervention  of  a  hoop  Hxed  upon  the  breech  end  of  the 
barrel  beyond  the  base  of  the  bore.  This  hoop  may  be  notched  or  hooked  up«»n  the 
barrel  in  the  usual  manner  where  end  hold  is  ^  be  given,  and  the  Jacketing  cylinder 
may  be  eindlurly  attached  to  the  exterior  circumfennice  of  the  hoop,  or  the  a  tach- 
ment  may  in  both  cases  l>e  effected  by  the  methods  hereinafter  described. 

Where  the  necessary  longitudinal  strength  cannot  be  obtained  without  making  the 
barrel  of  objectionable  thickness,  I  either  make  up  the  deHciency  by  shrinking  upon 
the  barrel  an  additional  cylinder,  above  which  the  wire  coils  are  applied,  or  I  inter- 
pose between  any  two  layers  of  spiral  wire,  or  above  or  below  them  all,  a  layer  or 
layers  of  longitudinal  wires  or  rods,  which  are  held  against  end  strain  by  the  friction 
dne  to  the  pressure  of  the  superposed  material  in  tension,  and  where  the  snper|>osed 
material  is  deficient  in  holding  )»ower  for  that  purpose,  as  it  generally  will  be  towards 
the  ends  of  the  cylinder  t<o  which  the  longitudinal  wires  are  applied,  I  head  the  ends 
of  the  wire  and  notch  them  into  a  hoop  firmly  attached  to  the  cylinder  at  each  end  of 
the  coil.  An  additional  advantage  obtained  by  thisanangement  is  that  the  wire  iitay 
be  put  on  hot  and  allowed  t<»  contract  so  as  to  produce  a  state  of  initial  tension,  which 
increases  their  efficiency  for  longitudinal  support. 

In  order  to  obtain,  where  needed,  a  more  effectual  longitudinal  connection  between 
an  enveloping  cylinder  and  the  barrel  or  cylinder  it  incloses  than  is  afforded  by  the 
nsnal  method  of  notching  and  hi»oking,  I  slightly  reduce  in  diameter  the  end  of  the 
barrel  or  iuclosed  cylinder  for  a  few  inches  in  length  and  groove  the  reduced  surface, 
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»aioi»^  Upt  u  mwiIjv  U^z^k  at  rhe  witi  end,  ao  tkat  vim  it  m  tkrmmk  mptem  f  be 
rel,  an  ft»i»alsr  ravtt;  U  \fft  W^wmi  rbe  fwoKTe«c4  or  gtmmvnA  ■■iCamt  lat^tbis 
tmrity  1  p«>ar  awHrM  pba*f>b«v  l*rm>z#,  «»r  Mhrr  »r^itable  BM^tal,  wbck  is  tta»  MoUcd 
ifru»tb«  Krotfvft^*  like  na  inu^ftkin%  wrev.  I  »Uo  Htttt  tbe  M»e  •bjrct  hr  sanmang 
tb*;  •nrfft4^#^  U»  Iff;  b^'M  »f^it*«t  iili{ipiDx  And  tntcrpovD^  »  Uiio  sbeet  of  copper.  The 
mtUr  ry\\^A*r  hmn%  tb»^  nbniDk  upon  the  copper,  sqnccsao  the  coppu  into  ^o  aer- 
rsiionii  »im1  im  iBterk^rka  the  two  eyliBderm. 

Id  order  tluU  my  jwid  hivcmtion  may  be  most  fallT  ndeniood  and  mdHj  caixicd 
into  eftMrt,  I  will  proceed  to  dracribe  the  drawings  bereanto  aaaexed. 

Dtteriptiom  0/  Ike  dhrmrtaf  ■. 

V\fi^.  1  (Plate  XII )  U  a  side  eleralioii  of  the  meebaBiam  for  wiading  the  wire  oa  to 
the  tatie  or  guii.  Fig.  2  (Plate  XllI;  is  a  plan  of  the  same.  Fig.  3  vPlaSe  XIV),  an 
erid  «'l«;TatioD,  Nh'»wiiie  the  hydraolieeD^liie  for  traTeistiig  the  dmm  laterally  at  a 
variable  npt^nA  under  the  control  of  the  operator,  ao  that  1^  wire  anwindiog  may 
lea^l  traly  onto  the  tal>es  or  c:nn.  Fig.  4  (Plate  XIV)  is  a  sectioo  of  the  machine  on 
tbe  line  H  8  in  Ftg.  1  (Plate  XII). 

In  the  abore  fignres,  A  A  are  the  pay  ing-off  drams.  B  B  is  the  frame  containing  tbe 
dmiim,  and  which  is  traveled  longitodioally  in  either  direction  by  the  operator  of 
tbe  hydranlic  engine  and  under  control  of  the  operator.  C  is  the  leading  screw,  which 
trav#'ls  the  frAiuti,  and  V  is  tbe  hydranlic  engine,  which  revolves  the  ecrew.  £aeh 
dram  Hlides  n|>on  a  sf]aare  abafr^  E,  which  revolves  with  the  dmm.  F  F  are  the  fric- 
tion wheals  fixed  at  tmt  end  of  each  square  shaft.  G  is  a  Irver,  which  tightheuM  the 
fricti'm  band  on  each  wheel.  H  is  tbe  lever  which  projects  as  an  arm  from  the  fric-^ 
tfofi  band,  to  which  it  is  attarbed  at  the  two  points  kh,  II  are  the  weight  cases  for 
loading  tbe  tightening  lever  G,  and  J  J  are  the  weight  cases  for  loading  tbe  project- 
ing arms  H  H.  Each  pair  of  levers  is  connected  by  a  chain  or  cord,  K  K,  which  is  fas- 
tened to  tbe  tightening  lever  G  at  a  point,  k\  and,  after  passing  over  a  pulley ,  L,  above, 
and  then  over  another^L',  below,  is  made  fast  to  the  lower  lever  or  projecting  arm  H  at 
a  point,  k*f  at  a  little  greater  radial  distance  from  the  center  of  th#friction  wheel  than 
tbe  point  kK  llie  tension  ontbe  wire  is  regulated  by  tbejointload  on  the  levers,  which 
are  prevented  from  lifting  their  loads  to  an  inconvenient  height  by  theactionof  tbe 
cbain  or  cord  wbicb,  bv  pulling  downwards  on  the  lower  lever  and  n^wardsou  the  upper 
one.  relieves  the  friction  on  the  band  dnring  the  ascent  of  the  weight  without  mate> 
rially  affecting  tbe  resistance  dne  to  the  aggregate  load  on  the  levers.  M  M  are  the 
cutaroct  cylinders  for  steadying  the  motion  of  tbe  levers.  N  Nis  an  ordinary  winch 
arrangement  which  can  be  thrown  into  gear  with  either  square  shaft,  leaving  the 
otlior  one  free,  which  serves  for  coiling  wire  upon  one  drum  while  the  wire  on  the 
otber  dmm  is  being  wound  off  upon  tbe  gnn.  O  is  a  reversing  handle  for  changing 
tbo  direction  of  tbe  frame,  and  which,  as  shown  in  tbe  drawing,  is  eflected  by  clutch 
wheels,  but  may  equally  well  be  eflected  by  revei-sing  tbe  rotation  of  tbe  feed  engine. 
P  is  tlie  starting  and  stopping  lever  of  tbe  hydraulic  engine.  Q  is  a  portion  of  one  of 
tbe  puir  of  standards  between  which  the  tube  or  gun  is  carried  in  a  horizontal  posi- 
tion, and  rotated  bv  a  bydraulic  euj^iue,  which  is  not  shown  in  the  drawings. 

Fig.  5  (Plato  XI)  is  a  longitudinal  section  through  an  enveloping  cylinder  of 
colled  wire,  A,  containing  four  layers  of  longitudinal  wires,  each  marked  £;  it  also 
shows  A  similar  section  of  a  portion  of  a  lower  coiled  wire  cylinder,  C,  which  does  not 


IS  iMiiled  is  shown  at  F,  and  tbe  outer  hoops  or  cosing  of  the  wire  are  marked  G. 

Kig.  0  (Plate  XI)  is  an  enlarged  view  of  one  end  of  l^igure  G,  and  shows  each  6epa- 
rate  wire  in  section. 

Fig.  7  (Plate  XI)  shows  a  side  elevation  or  a  plan  of  a  portion  of  the  tube  or  gun, 
and  rennwents  tbe  niodo  of  fastening  the  ends  of  the  coiled  wire.  At  tbe  starting  end  of 
tbe  coll  tbe  wire  is  formed  into  a  gib  of  tbe  nbape  shown  at  A,  and  is  inserted  into  a  radial 
groove  of  a  corresponding  form  in  tbe  boop  to  wbich  the  attacbmeut  is  to  be  made. 
The  depth  ol^  this  radial  groove  may  be  sufficient  to  receive  any  number  of  wires.  In 
Flunve  (i  the  depth  of  these  grooves  is  shown  by  dotted  vertical  lines  at  the  places 
linM'k«Ml  A  in  that  tlgure.  The  tinishing  end  of  the  coil  is  fastened  by  bending  tbe  wii^ 
•bieways.  as  shown  at  B,  into  a  radial  groove  of  coriesponding  form.  Tbe  bending 
is  eflected  by  a  series  of  wedge-like  tools  inserted  one  after  the  other,  and  the  end  is 
Hnally  wcun'd  by  a  wedge  or  filling  piece,  C.  D  D  are  inclined  or  tanered  pieces  laid 
in  MgiiinHt  tbe  boon  to  fill  in  between  the  coil  and  the  hoop  on  the  tnbe  or  gun. 

Fig.  H  (Plate  XI)  is  a  section  showing  the  mode  of  fixing  an  outer  cylinder  upon  an 
Inner  ime  so  as  to  resist  the  tendency  to  slide  longitudinally.  A  A  are  two  grooved 
or  sorcwed  surfUccSi  the  cue  on  the  outer  and  the  other  on  the  inner  cylinder.    Be* 
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iween  these  snrfaces  there  is  an  anunlar  gpaoe«  B,  to  be  tilled  with  fhsed  phosphor 
hroDze  or  other  suitable  metal.  The  IiimmI  metal  l>ecomeB  molded  iuto  the  grooves  ou 
either  side  and  thns  locks  the  two  cyliuder.-«  together. 

Fi^.  9  (Plate  XI)  is  a  section  ><howiii;;  another  modification  of  thr  methotl  of  pre- 
venting one  cylinder  sliding  lengthways  over  another.  In  this  case  the  surfaces  «>f 
the  cylinders  are  slightly  serrated,  a-<t*Hhown  at  A  A,  and  a  thin  sheet  of  copper,  or 
other  compressible  metal,  is  bent  round  the  inner  cylinder.  The  outer  one  is  then 
shrunk  upon  the  copper,  which  becont*  s  embedded  in  the  serrations  and  so  interlocks 
the  surfaces.  This  method  may  be  applied  either  at  the  ends  of  the  cylinders,  or  at 
any  intermediate  part,  or  over  the  whole  length. 

Having  thus  described  the  nature  of  my  said  invention,  and  the  manner  of  perform- 
ing the  same,  I  would  have  it  understood  that  I  claim — 

>irst.  The  arrangement  of  the  payiug-oflf  drum  in  such  manner  that  it  <f&n  be 
traversed  laterally  with  a  variable  feed  motion,  so  that  as  the  wire  is  unwound  f^om 
the  drum  it  may  be  laid  on  to  the  tube  or  gun  in  a  close  spiral,  substantially  as  de- 
scribed. 

Second.  The  method  of  regulaiipg  the  tension  upon  the  wire  by  means  of  a  friction 
wheel  and  weighted  levers,  which,  by  a  differential  action,  substantially  as  described, 
maintain  a  nearly  niiiform  tension  on  the  wire,  the  amount  of  which  is  regulated  by 
the  load  upon  the  levers. 

Third.  The  combination,  with  such  frictional  apparatus,  of  controlling  mechanism, 
substantially  as  described,  to  x>reveut  sudden  variation  in  position  and  a  Jerking  ac- 
tion in  the  levers. 

Fourth.  The  method,  substantially  ns  described,  of  securing  the  wire  at  the  start- 
ing end  by  means  of  a  gib  or  bei-t  head  inserted  in  a  radial  groove. 

Fifth.  The  method,  substantially  as  described,  of  fastening  the  wire  at  the  termi- 
nating end  of  the  coil,  by  bulging  and  wedging  it  into  a  groov^of  corresponding 
form. 

Sixth.  The  application  of  layers  of  wire  laid  longitudinally  to  give  end  strength  to 
the  gun,  and  the  method  of  securing  the  ends  of  the  longitudinal  wires  by  heading 
and  notching,  in  the  manner  described. 

Seventh.  The  method  of  increasing  the  longitudinal  hold  of  an  outer  cylinder  upon 
an  inner  one,  by  introducing  another  metal  into  a  grooved  annular  recess,  which 
metal,  adapting  itself  to  the  form  of  the  recess,  locks  tne  two  cylinders  together  sub- 
stantially as  descrilMMl. 

In  witness  whereof  I,  the  said  Sir  William  George  Armstrong,  have  hereunto  set 
my  hand  and  seal  this  seventeenth  day  of  June,  in  the  year  of  our  Lord  one  thousand 
eight  hundred  and  eighty-one. 

W.  G.  ARMSTRONG,    [l.  8.] 

The  details  of  building  op  tLese  gnus,  taking  the  10.236inch  (see 
Plate  VI)  as  a  type,  it  apjiears  are  as  follows: 

The  steel  tube  constituting  the  body  of  the  gun,  after  being  turned 
to  the  dimensions  shown  in  the  drawing  (Plate  XI,  Fig.  5),  is  next  pro- 
vided with  the  different  pieces  affording  shoulders,  between  which  the 
forwjird  sections  of  wire  are  wound  or  laid  on.  These  rings  being  shrunk 
on,  and  having  serrations  corresponding  to  the  ones  on  the  tube,  hu 
intervening  thin  copper  band,  by  its  compression  under  shrinkage,  locks 
them  to  the  tube. 

The  rear  band  (see  A,  Plate  XI)  is  also  similarly  attached  to  the  tube. 
The  tube,  being  then  made  ready  for  the  reception  of  the  wire,  is  prop- 
erly centered  in  the  coiling  lathe  (see  description  in  patent  specifica- 
tions), and  the  different  sections  between  the  shoulders  of  the  ring, 
except  the  rear  section,  have  the  ribband  steel  applied,  both  circumfer- 
entially  and  under  different  tensions  and  longitudinally  (see  Fig.  5, 
Plate  XI). 

The  trunnion  ring  must  be  next  shrunk  on  over  the  wire  and  part  of 
the  adjacent  rings.  The  winding  and  laying  on  of  the  rear  section  of 
ribband  completes  the  wiring  of  the  gun,  at  .the  breech  twenty  layers 
being  placed  around  the  body  and  four  layers  lengthwise  of  the  bore. 
The  different  sections  of  wrought-iron  hoops  to  complete  the  stmctnre 
are  laid  on  in  saccession  and  in  turn,  and  the  piece  completed  as  far  as 
tne  building  up  is  concerned. 
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The  weights  of  the  different  parts,  as  approximately  calculated,  are 
as  follows: 

Ton*. 

Tube  (steel,  Whitworth's  flaid-coinpreBsed) 7.28 

Steel  ribband 5.93 

Wrought-iron  parts 7.79 

Total 21.00 

The  13inch  44-tou  gnn  of  this  type  is  somewhat  differeat  in  it«  details 
of  coDStrnction,  as  will  be  found  on  examination  of  Plate  V.  The  f^nn 
is  designed  without  trunnions.  Four  square-cut  rings  on  the  under  sec- 
tion of  the  hoop,  corresponding  to  the  trunnion  band,  are  seated  in  a 
block  grooved  for  their  reception,  and  attached  to  the  carriage. 

All  steel  and  wire  are  used  in  rear  up  to  this  equiv^alent  of  the  trunn- 
ion lioop,  the  exterior  portion  for  this  band,  however,  being  made  of 
wrought-iron  sections. 

Another  feature  is  that  a  steel  jacket  is  shrunk  over  the  inner  tnl>e, 
enveloping  it  to  a  distance  a  little  beyond  the  chamber,  and  is  be- 
lieved to  be  serrated  on  its  interior,  and  united  longitudinally  to  the 
inner  tube  with  corresponding  serrations  by  melted  phosphor  bronze  or 
thin  copper  tube.  No  longitudinal  wires  are  used.  In  general  sulnli- 
vision  of  part^t  otherwise  resembles  its  prototype,  the  10.236-inch. 

This  gun  is  expected  to  reach  the  enormous  muzzle  energy  of  27,ri(K) 
foot  tons,  or,  say,  622  foot- tons  per  ton  of  metal  of  weight  of  gun.  The 
United  States  projected  breech-loading  gun  of  55  tons  could  only  realize, 
say,  20,000  foot- tons  muzzle  energy,  or,  say,  350  foot- tons  per  ton  of 
metal  of  the  weight  of  the  gun. 

The  recent  firings  with  one  of  the  10.286-inch  guns  are  tabulated 
below: 
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The  date  of  firing  was  recent,  and  the  pressure  and  foot-tons  of  en- 
ergy attained  at  the  muzzle,  also  foot-tons  of  energy  per  ton  of  weight 
of  the  gun,  are  the  figures  furnished  me  by  Captain  Noble  of  the  Blswick 

Works. 

The  43-ton  breech-loading  gun,  ordinary-  Armstrong  type,  has  a  serv- 
ice charge  (as  we  have  seen  above)  of  330  pounds,  with  a  700-pouiid 
projectile,  and  a  resulting  muzzle  velocity  of  1,845  feet  (see  table),  and 
hence  yielding,  say,  a  muzzle  energy  of  about  16,o00  foot-tons.  A  wire 
gun  of  21  tons  gives  about  the  same  power,  but,  being  impressed  upon 
a  smaller  area  of  surface,  its  penetrating  power  is  greater. 

It  would  be  inferred  from  these  figures  that  even  constructions  wholly 
of  steel,  otherwise  than  those  using  wire,  are  not  trusted— by  constructors 
who  have  had  experience  in  both— to  attain  anything  like  the  power  ex- 
pected from  the  use  .of  the  latter. 

Referring  to  views  stated  above,»  ailvocating  the  introduction  of  an 

*  See  page  ^26. 
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auxiliary  thin  steel  oil-tempered  liuiug  tube  as  probably  affording  an 
improvement,  or  as  at  legist  embodying  an  idea  wortliy  of  consideration, 
I  herewith  append  (see  Plate  VII)  a  drawing  introducing  this  feature  of 
construction  in  a  wire  gun.* 

In  closing  these  remarks  regarding  this  recent  novelty — the  introduc- 
tion of  wire  guns,  after  the  peculiar  pattern  as  presented  to  the  ord- 
nance constructors  of  the  civilized  world  by  the  Elswick  Works — I  have 
to  state  my  positive  conviction,  taking  co;(nizauce  of  the  fact  that,  al- 
though in  a  measure  experimental,  the  wire  system  has  yet  been  so  far 
advanced  up  to  date  by  actual  experiment  and  tests — and  tests  so  satis- 
factory as  to  lead  rapidly  to  constructions  of  the  highest  nature — both 
in  England  and  France,  that  this  mode  of  building  up  heavy  ordnance 
should,  from  palpable  reasons  independent  of  its  strength,  rank  liigh, 
if  not  tirst,  in  the  experimental  essays  to  be  made  in  the  United  States 
to  solve  the  problem  of  heavy  ordnance,  not  only  in  the  attainment  of 
l)Owerful  but  light  armament,  but  also  in  the  securement  of  a  moile  of 
construction  which  can  most  rea<lily  and  quickly  be  developed  by  the 
manufacturing  interests  of  our  country. 

The  incalculable  advantages  which  arise  in  built-up  systems,  in  con- 
tradistinction to  plans  involving  the  use  of  huge  homogeneous  manses 
(like  cast  iron),  of  a  subdivision  into  parts  comparatively  light  in  weight, 
and  hence  readily  produced  and  easily  handled,  are  catried  out  in  the 
highest  degree  in  the  system  under  consideration. 

This  subdivision  aduiits  of  opportunities  for  accurate  in8|>ection,  the 
attainment  of  a  minute  and  thorough  knowledge  of  the  physical  prop- 
erties of  the  metals  employed  in  the  building  up  of  our  structures,  and 
enables  us  to  apply  more  thoroughly  the  sound  and  well-establislied 
modern  theories  of  gun  construction.  The  germ  of  these  theories  is  to 
be  found  in  the  developments  of  General  Hodman  in  his  experiments, 
which,  independent  of  the  inferior  metals  at  his  command,  enabled  him 
to  i>oint  out  the  great  general  principles  which  should  underlie  all  sound 
constructions — the  principles  of  initial  tension  and  varying  elasticities. 

If  we  take  the  10.236-inch  Armstrong  wire  gun  as  an  illustration,  we 
will  find  that  the  heaviest  part  to  be  handled— the  internal  tube — only 
weighs  about  7.28  tons.  The  wire  is,  of  course,  of  no  moment  as  to 
weight  to  be  handled,  and  the  superimposed  frettes  are  none  of  theoi 
so  heavy  as  to  requiro  especial  consideration  of  the  question  of  ease  in 
handling.  Other  natures  of  higher  power  will,  as  seen  in  the  13-inch 
(the  heaviest  weight  employed  in  it  not  exceeeding  12  tons),  likewise 
contirm  the  advantages  of  the  introduction  of  the  subdivision  of  parts 
found  in  the  system. 

The  simplicity  of  plant  required  is  apparent,  especially  when  we 
consider  that  the  steel  interests  of  the  country  should,  if  not  now,  yet 
in  the  near  future,  produce  the  tubes,  wire,  frettes,  &c.,  and  that  the 
assembling  and  finish  can  be  done  in  any  well-appointed  machine-shop, 
well  provided  with  the  necessary  lathes  for  turning,  boring,  and  wind- 

*  In  this  plan  it  will  be  seen  that  the  steel  jacket  id  which  the  fermeture  finds  ita 
bed  is  locked  to  the  trunoion  block  and  at  the  fronts  a  projecting  rins  being  left  on  the 
jacket^  which  ring  bears  against  the  front  surface  (se«  plate)  of  the  trnnniou  band. 
Additional  longitudinal  strength  is  obtained  by  uniting  the  Jacket  with  the  interior 
tube  by  phosphor  bronze  poured  into  the  annular  cavity  (serrated  walls)  between  the 
two  pieces,  atter  the  plati  of  Sir  William  Armstrong.  This  also  prevents  tlie  tendency 
of  the  interior  tube  to  move  to  the  front  under  the  thrust  of  the  projectile,  and  the 
powder-gas  pressure  at  the  throat  of  the  chamber.  No  details  are  determined  upon, 
the  sketch  only  presenting  the  general /rat urra  of  a  construction  for  general  cousidera- 
tioD.    It  is  preneuted  without  any  recommendatioA. 

The  gun  abould  not  exceed  iu  weight  40  tona. 
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iripr  the  wire;  a1«o  rifling  machiDes,  and  other  and  simpler  tools  for  fin- 
iMbinp^  and  fitting;  mihor  parts. 

Thin  laAt  feature,  aiisinj!^  from  the  constmction,  leads  me  to  point  ont 
that,  withoat  iuterterence  with  the  private  mannfaeturiii^  interests  of 
the  United  States,  some  of  onr  present  arsenals — snch  as  Frankford  and 
SpriiiK^eld — haveample  facilities  for  the  prodnction  of  experimental  gnus 
on  the  plan  under  consideration,  and,  upon  the  above  condition  of  supply 
of  parts,  even  of  the  highest  calibers  required  for  armament.  Heretofore 
this  has  been  impracticable,  as  the  expensive,  euml)ersonie,  and  large 
plant  in  hu|?e  pits  and  furnaces  and  heavy  cranes  and  lathes  necessary 
to  produce  huge  homogeneous  masses,  has  not  been  at  our  command. 
The  system  now  under  discnssiou,  however,  dispenses  in  a  great  me;vsure 
with  all  these,  and  brings  the  construction  within  the  scope  of  ordinary 
a])pliances  and  ordinary  machinery,  and  would,  in  the  event  of  a  decision 
to  try  it,  lead — if  the  trials  were  successful — to  a  bringing  into  play  our 
present  resources  for  experimental  constructions,  to  afford  models  and 
experience  for  fabrication  by  the  contractors  to  be  intrusted  with  the 
work  of  construction. 

Tlie  l)eneflt  to  be  secured  by  enabling  us  to  provide  standards  for 
fabrication  is,  in  my  judgment,  incalculable;  but,  of  course,  this  advan- 
tage can  ou\y  be  urged  in  the  cases  where  it  can  be  attained  in  con- 
nection with  the  most  advanced  and  best  construction,  to  which  it  must 
always,  of  course,  remain  subordinate. 

The  time  required  for  the  construction  of  thesei  guns  in  quantity  must 
necessarily  be  less  than  for  the  less  subdivided  types,  provided  the  tVunl- 
itii^s  for  the  production  of  the  diflFerent  parts  are  fully  develo|>ed  and 
available;  and  this  important  element  is  one  not  to  be  overlooked  in 
studying  out  the  problem  of  the  best  and  most  readily  available  rifled 
ordnance  to  supplant  our  present  smooth-bore  guns. 

No  accurate  data  are,  as  yet,  at  hand  as  to  comparative  cost  of  this 
system  with  the  ordinary  built-up  steel  ones;  but  it  is  not  seen  that 
any  wide  differences  in  favor  of  the  solid  jackets  over  built-up  wire  sec- 
tions can  possibly  exist  It  is  stated  that  a  100-ton  Armstrong  gun 
ionlinary  type)  costs  about  $80,000 ;  and  an  80-ton  Woolwich  gun  abpuf 
>50,000 ;  and  that  a  100-ton  wire  gun,  after  the  plan  of  Longridge,  would 
oiUy  cost  i40,000.  It  is  hardly  probable,  however,  that  wire  guns  can 
be  prt)du(H>d  at  so  much  less  price  than  the  built-up  steel  or  steel  and 
wrought-iron  models;  but  even  if  they  cannot  be  made  for  less  than,  say, 
#(»25  per  ton — the  Woolwich  figures — a  compiuratively  inexiiensive  gun 
would  be  the  result. 

Sixty-ton  12-inch  cast-iron  guns  lined  with  steel  tubes  and  frettetl  ex- 
ternally would,  it  is  ftilly  believed,  even  made  in  quantities,  exceed  in 
cost  per  gun  those  of  equal  potter  made  with  wire.  It  is  doubtful,  ftx>m 
pn^eut  prices  (here)  for  the  former  guns,  if  such  ordnance  could  be  pro- 
dueed  lor  less  than  #50,000  apiece,  or,  say,  over  $soo  per  ton,  and  un- 
der the  most  favorable  circumstances  of  prices  for  labor  and  roateriul. 

In  chasing  these  remarks  on  steel  ribband  guns  in  England,  attention 
is  invited  to  the  change  in  details  of  constnu^tion  in  the  latest  model — 
the  13iuch.  The  most  important  departure  in  the  construction  from  its 
luxitotype,  the  10.23t>-inch,  is  theintrmluctionof  an  auxiliary  steel  jacket 
shrunk  over  the  inner  tube,  and  in  all  pi-obability  (see  specitieatiou) 
uniteil  to  it  by  serrated  surfaces,  l»etween  which  copi^er  sheets  or  phos- 
phor brouie  finds  place,  and  undoubtedly  intnHluce<l  to  s^rcure  addi- 
tiiuial  longitudinal  strength.  This  diraiuishes  the  quantity  of  wiiv,  bat 
gives  ailditional  longitudinai  strength.  A  deficiency  in  this  res|»tt;t 
an^euis  to  be  a  source  of  anxiety,  influenced  probably  from  the  failure  of 
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the  gun  on  board  of  the  "Duilio.'^  An  ample  provision  for  it,  it  would 
seem,  is  intended  in  this  last  strncture  to  be  made,  sacrificing  to  a  limited 
extent,  however,  the  presumed  advantage  of  wire  over  solid  rings  or 
frettes.  This,  it  is  deemed,  can  be  readily  aiforded,  as  there  seems  to 
be  no  misgivings  as  to  the  tangential  strength  of  the  system  beitfg  all, 
and  more  than  all,  that  would  be  demanded  in  proof  or  service. 

A  diflferent  plan  for  securing  longitudinal  strength  will  be  alluded  to 
when  the  Schnltz  system  of  construction  is  reached  in  this  report. 

The  inherent  weakness  in  regard  to  the  longitudinal  stress  in  the  sys- 
tem leads  me  further  to  remark  that  it  becomes  a  matter  of  tlie  very 
first  importance,  in  considering  plans  based  upon  it,  to  scrutinize  closely 
the  features  which  are  designed  to  provide  for  this  strain. 

The  Armstrong,  the  Schultz,  and  probably  others  which  may  be  pre- 
sented to  the  government,  all  will  undoubtedly  meet  the  requirements 
in  providing  against  tangential  rupture ;  but  it  will  be  a  matter  for 
close  study  to  select  for  test,  if  wire  should  be  deemed  wortllj^  of  trial, 
those  which  promise  best  in  securing  a  system,  if  not  relatively  as  strong 
longitudinally  as  tangentially,  yet  so  far  providing  for  the  former  stress 
as  to  place  beyond  a  shadow  of  doubt  (as  far  as  human  judgment  can 
provide)  their  capacity  for  endurance  in  this  respect. 

The  tendency  in  built  up  constructions,  under  violent  vibrations, 
brought  into  existance  by  discharge  and  aggravated  by  repeated  firings 
with  heavy  charges,  to  separate  piece  from  i)iece,  and  the  eflTects  aris- 
ing from  the  tendency  of  the  parts  to' leave  each  other  by  the  ditt'erent 
inertias  of  their  difterent  masses,  both  combine  to  render  the  problem 
in  this  gun  construction  one  of  peculiar  difficulty,  and  demanding  the 
closest  calculations  and  deep  and  i»rolonged  study.  The  very  Jar*  may 
in  an  indifferent  construction  be  sufficient,  if  not  to  part  the  gun.  at  least 
to  render  it  unsafe  for  the  repeated  discharges  contemplate  for  actual 
service. 

WHITWOETH^S  GUNS. 

« 

Sir  Joseph  Whitworth  &  Co.,  in  presenting  for  exhibition  in  Paris,  in 
1878,  the  products  of  their  works  in  Manchester,  make  the  following  gen- 
eral remarks  regarding  their  steel,  to  wit: 

The  Whitworth  flaid-pressed  steel,  from  which  the  foUowins;  objects  are  made,  is 
submitted  to  great  pressure  whilst  in  the  fluid  state.  By  this  means  perfect  souudness 
and  homo<;eneity,  even  in  the  largest  masses,  are  obtained;  it  is  afterwards  forged  to 
the  required  shape  by  hydraulic  pressure. 

The  diAtinffuistiing  characteristics  of  the  Whitworth  fluid-prei^sed  steel  are  sound- 
ness, strength,  and  ductility.  It  is  made  of  various  tempers  to  suit  all  purposes,  and 
is  siH'cially  suited  for  purposes  where  it  is  exposed  to  sudden  and  violent  sttains. 

It  is  only  the  intention  to  allude  here  to  Whitworth's  guns  and  his 
idea  of  gun  constmction,  leaving  the  question  of  his  mode  of  produc- 
tion of  steel  for  consideration  under  the  heading  of  steel  and  other  ma- 
terial for  gun  building. 

The  firm  stated  in  1878  that— 

The  Whitworth  system  of  breech  loading  has  been  very  sererely  tested  with  most 
satisfactory  results.  Two  guns,  viz,  a  7-incb,  tiring  projectiles  weighing  150  ])ounds, 
and  a  9-pouudf  r,  have  been  tried  by  the  English  Government  with  very  satisfactorv 
results.  The  ease  with  which  the  breech  airaugement  worked  throughout  the  experi« 
ments  was  very  remarkable. 

The  Brazilian  Government  have  adopted  the  Whitworth  ordnance,  in  consequence 
of  the  satisfactory  results  they  hail  had  with  it  during  the  Paraguayan  war.  Many 
of  the  guns  tired  from  4,000  to  o^OOO  rounds  without  being  damaged. 

The  following  description  of  his  O-poundei*  breech  loading  gun,  which 
embodies  the  general  features  of  his  plan,  and  the  accompanying  plate, 
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No.  VITT,  are  snbmitted  as  interesting:;  attention  only,  however,  being 
especially  invited  to  ibe  mode  of  closing  the  breech^ 

The  breech-closing  airanG^ement  of  the  gnn  consists  of  a  i»reech-block  sliding  hori- 
zoutally  in  grooves  inclined  at  an  angle  to  the  rear  face  of  the  gnn,  the  block  being 
moved  by  means  of  a  tappet  handle  wh^ch  revolves  a  pinion-gearing  intii  a  rack  on 
the  gnn ;  the  block  is  held  in  its  place,  when  closed,  by  a  catch. 

The  rifling  is  polygonal,  being  a  hexagon  with  ronnded  corners.  The  powder-chaja- 
bcr  is  enlarged  in  diameter  in  order  to  bnm  an  increased  charge.  There  is  also  a 
slightly-enlarged  shot- chamber,  to  insnre  ease  in  loading. 

The  powder-charge  is  contained  in  an  ordinary  serge-bag,  no  metaUic  case  being 
employed. 

All  escape  of  gas  is  prevented  by  an  elastic  steel  ring  in  the  rear  of  the  gnu,  and  a 
disc  in  the  face  of  the  breech-block,  which  are  pressed  tightly  together  when  the 
block  is  closed.    This  ring  and  disc  are  movable  and  can  be  readily  replaced. 

Owing  to  the  simple  form  of  the  rifling,  the  projectiles  for  all  the  Whitworth  gnns 
are  molded  by  self-acting  machinery,  and  flred  as  they  are  cast  without  being  planed. 
By  this  meanfi  there  is  a  saving  in  tirst  cost,  and,  as  there  is  no  soft  metal  reqnired  to 
give  rotation,  the  projectiles,  when  recovered  after  practice,  can  be  fired  several  timets. 

This  gnn  has  withstood  the  severest  tests — among  others,  those  in 
whicli  elongated  projectiles  of  lead  of  10  pounds  and  3  pounds  of  pow- 
der were  used. 

The  mode  of  closing  the  breech  has  all  the  simplicity  of  the  Krupp, 
and  the  fermetnre  can  be  manipulated  with  such  ease  and  rapidity  as 
to  lead  to  the  belief  that,  for  field  service  especially,  it  would  prove  su- 
perior to  both  the  interrupted  screw  and  the  slidingblock  systems. 

The  views  of  the  Manchester  Works  are  that  "steel  and  steel  alone" 
should  be  used  for  the  construction  of  guns;  "field  guns  forged  solid, 
and  afterwards  bored  and  rifled,  the  trunnion  hoop  l>eing  screwed  on; 
and  thsitfor  larger  guns  the  barrel  should  be  forgeil  hollow,  the  strength 
and  weight  being  obtained  by  adding  hoops  according  to  the  size  of  the 
gun." 

Alluding  to  some  experiments  made  at  the  Manchester  Works,  it  is 
stated — 

The  tubes  are  of  flnid-compresaed  steel,  and  have  been  subjected  to  explosions  of 
gunpowder.  The  large  tube,  26  inches  long,  7.83  diameter,  with  2.56  bore,  being 
that  of  a  9-pounder  tioid  gun.  It  has  had  48  explosions  with  li  pounds  of  powder. 
The  strain  on  the  metal  is  about  six  times  grearer  when  the  ends  are  closed  than  when 
a  gnn  is  tired  in  the  ordinary  way.  The  force  of  the  explosion  being  so  great,  a  small 
permanent  alteration  took  place  at  the  first  explosion,  and  the  expansion  of  the  bore 
lias  been  going  on  every  time  it  has  been  fired,  and  now  amounts  to  nearly  0.2  of  an 
inch.  The  tube  was  never  expected  to  stand  such  a  number  of  explosions.  Seventy- 
two  pounds  of  powder  have  now  been  tired  in  it.  -A  cast-iron  tube  of  the  same  di- 
mensions burst  at  the  first  explosion  with  3  ounces  of  powder. 

JSo  comparisons  are  made  between  this  steel  and  other  well-known 
varieties;  but  attention  is  invited  to  the  fact  that  a  cast-iron  cylinder 
of  the  same  dimensions  burst  at  the  first  round,  with  only  one-eighth  of 
the  charge  employed  with  the  compressed  steel.  The  tenacity  of  the 
cast  iron  is  not  stated,  but  as  the  metal — Sir  Joseph  Whitworth  says — 
was  known  to  be  of  good  quality,  it  is  fair  to  presume  that  it  was  of 
the  ordinary  grade  of  English  cast  iroji  for  guns,  the  tensile  strength  of 
which  is  given  by  English  authorities  as  ranging  from  20,000  to  31,000 
X)Ounds  per  square  inch.  The  great  enlargement  (0.2  inch)  resulting 
from  the  repeated  firings  of  the  steel  cylinder  is  worthy  of  note,  as 
showing  the  capacity  in  toughness  and  ductility  of  steel  produced  by 
the  Manchester  processes. 

The  following  general  remarks  regarding  gun  construction,  made  by 
Sir  Joseph  Whitworth,  may  be  of  interest  as  embodying  views  and  facts 
which  have  a  prominent  bearing  on  the  gnn  problem  of  to  day : 

It  may  be  mentioned  that  when  rified  gnus  were  first  adopted  in  the  service  they 
were  breech  loaders ;  but  their  construction,  and  the  comparatively  weak  wrought 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.         239 

iron  of  wliich  they  were  made,  only  allowed  in  the  7-inch-bore  gun,  4  tons  weighr,  a 
charge  of  14  pounds  of  powder,  and  the  shot  was  two  diametent  long,  weighing  110 
ponnds.  Such  heing  the  state  of  things  at  that  time,  1  made  a  7-iiK*h-l)ore  muzzle' 
loading  ^n.  7  tons  weight,  charge  of  powder  22  ponnds,  and  a  shot  three  diameters 
long,  weighing  150  ponnds. 

This  gun  was  consequently  far  more  powerfhl  than  the  serx'ice  hreech-loading  gnn 
of  the  same  hore,  and  the  War  Department  had  other  muzzle-loading  gnns  made  of  the 
same  proportions  as  regards  weight  and  bore. 

When  nnid-compressed  steel  proved  so  completely  master  of  gunpowder,  the  writer 
at  once  saw  that  more  powder  might  be  lired  irom  a  breech-loader  with  a  large  powder- 
chamber  than  could  be  consumed  in  a  muzzle-loading  gun.  Our  7-inch  breech-loader 
fires  33  ponnds  of  powder,  being  more  than  double  the  charge  that  is  fired  from  the 
service  breech-loauer. 

The  following  arc  some  of  the  results  obtained  from  the  writer's  breech-loading  guns, 
as  regards  elevation  and  range,  low  trajectory,  and  penetration. 

At  Southport,  in  October,  1872,  with  the  9-pounaer  at  one  degree  elevation,  the 
range  was  1,018  yards.  The  present  service  muzzle-loading  gun  at  two  degrees  (being 
double  the  elevation)  has  a  range  only  of  1,065  yards. 

A  specimen  exhibited  fehows  the  wonderful  penetration  of  the  field  gnn,  3-inch  bore, 
the  armor-plate  pierced  being  4i  inches  thick.  In  comparison  with  this  tesnlt,  in  the 
trials  made  at  Shoebur^'ness  with  the  service  7-inch  breech-loading  gnn  and  the  96- 
hundred  weight  cast-iron  68-pounder,  experiments  were  carried  on  for  about  two  }  eai-s 
without  being  able  to  penetrate  this  thickness  of  armor-plate. 

It  was  in  October,  1858,  that  the  writer  first  penetrated  4|  inch  armor  with  solid 
8hc»t;  and  on  the  16th  of  September,  1872,  he  first  penetrated,  at  Shocbur^'ness,  an 
armor-plate  with  a  steel  shell,  much  to  the  surprise  and  astonishment  ol  all  the  military 
men  who  witnessed  it. 

Guns  of  enormous  size  are  now  being  made  at  Woolwich  at  an  enormous  expendi- 
ture. These  guns  must  needs  be  powerful  on  account  of  their  great  weight  and  size; 
bur  the  writer  maintains  th^t  this  enormous  size  is  unnecessary.  Hut  if  monster  guns 
were  wanted,  they  could  be  made  at  far  less  cost  by  means  of  the  Siemens-Martin 
furnace  and  fluid  compression.  Supposing  a  hoop  was  wanted,  say,  20  tons  weight, 
the  time  required  f(»r  its  production  by  this  process  would  not,  commencing  with  the 
raw  material,  he  believes,  be  more  than  one-tenth  the  time  required  by  the  forging, 
coili  g,  and  welding  processes.  Again,  as  re^rds  quality  of  material,  good  iron  was 
given  up  being  uned  at  Woolwich  some  time  ^o,  as  it  was  found  that  weak,  poor  iron 
was  easier  to  weld  and  work  than  good  iron. 

It  is  just  the  contrary  with  the  Siemens-Martin  or  the  Bessemer  processes,  every- 
thing being  in  favor  of  using  good  material;  and  the  writer  wishing  to  convince  the 
Admiralty  and  War  Department  of  the  superiority  of  his  steel  guns,  particularly  of 
the  breech-loader,  off*ered  to  lend  them  a  7-inch  breech -loading  gun,  firing  33  pounds 
of  powder,  and  also  a  li5-ton  muzzle-loading  gun,  which  fires  an  armor-piercing  pro- 
jectile five  diameters  long,  1,250  pounds  weight,  with  a  bursting  charge  of  58  pounds. 
Both  these  offers  were  declined,  much  to  the  surprise  of  the  Brazilian  authorities,  from 
whom  permission  had  been  obtained  to  lend  these  two  guns. 

The  day  of  trial  may  be  postponed  by  i  he  making  of  enormous  gnns  which  astonish 
and  mislead  the  public,  but  it  would  be  far  better  for  an  immediate  trial  to  be  made 
with  the  best  guns  of  moderate  size  that  can  be  produced.  With  strong,  ductile,  sound 
steel  the  bieech- loading  gun,  with  its  large  powder-chamber,  whatever  be  the  size, 
must  be  superior  to  the  muzzle-louiler. 

To  prevent  being  misunderstood  with  reference  to  the  weight  of  guns  in  relation  to 
their  bore,  it  may  be  stated  that  the  writer  has,  for  ship  gnns  particularly,  advocated 
greater  weight  for  a  given  size  of  bore. 

The  first  12-inch-bore  guns  made  at  Woolwich  were  23  tons  weight,  afterward  in- 
creased to  25  tons. 

In  1869  the  writer  submitted  to  the  Admiralty  a  design  for  a  12-inch-bore  gun  of 
fluid-compressed  steel,  and  he  specitied  that  the  weight  of  the  gnn  must  be  35  tons, 
for  he  had  always  considered  that  (except  for  a  mountain  gun)  there  slioold  be  105 
pounds  weight  of  gun  for  every  pound  of  shot  of  3  diameters  long. 

It  was,  however,  d«-termined  by  a  committee  at  the  War  Ofiice  that  the  gun  should 
be  made  at  Woolwich;  and  the  writer's  weight  for  that  size  of  bore  was  taken,  and 
has  been  adopted  ever  since. 

With  weak  materials,  weak  powder,  long  guns,  and  short  projectiles  must  be  used. 

Strong,  ductile,  sound  material  allows  of  strong,  quick-burning  powder,  short  guns, 
long  projectiles,  and  rapid  rotation. 

A  farther  allusion  to  the  war  material  and  other  productions  of  the 
Manchester  Works  will  be  made  under  the  heading  of  '^Whitwortb 
steel." 
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The  attention  of  the  department  has  been  called  in  the  above  remarks 
to  all  of  the  more  prominent  systems  of  gnu  constructions  in  England, 
and  it  is  only  necessary  in  closing  them  to  make  a  sliort  resuni6  of  the 
most  salient  features  in  the  state  of  the  art  of  building  heavy  ordnance 
in  that  country. 

It  will  be  observed  that  built-up  gun  constructions  are  alone  consid- 
ered as  affording  a  reasonable  solution  of  the  problem ;  that  steel  tubes, 
in  combination  with  wrought  iron  or  steel,  constitute  the  prominent 
types;  that  breech-loading  systems,  using  the  interrupted  screw  or 
French  pattern,  are  rapidly  supen^eding  muzzle-loading  guns;  and, 
finally,  the  more  advanced  opinions  lead  strongly  to  the  l>elief  that  the 
true  direction  in  which  progress  is  to  be  made  and  light  guns  secured, 
combining  great  strength  with  high  power,  resulting  from  the  use  of 
large  charges  of  powder  and  heavy  projectiles,  and  in  bores  ranging 
from  26  to  30  calibers  in  length,  is  to  intnxlnce  a  greater  degree  of  sub- 
division than  found  in  the  present  systems  by  the  use  of  steel  wires  su- 
perimposed on  steel  tubes,  which  in  their  turn  are  jacketed  and  fiuished 
externally  by  steel  bands. 


FRENCH  HE  A  VT  ORDNANCE. 

(16  plates.) 

NAVAL. 


The  sea-coast  armament  of  France,  as  well  as  the  arming  of  her  fleets, 
is  provided  for  under  the  control  of  the  marine  and  colonial  bureau; 
and  the  principal  works  where  especially  the  cast-iron  parts  are  made, 
and  the  assemblage  of  the  different  sections,  steel  or  otherwise,  enter- 
ing into  their  built-up  gun  constructions  are  completed,  anil  finisheil 
ordnance  produced,  are  at  Ronelle;  the  polygon  of  Gavre  being  the 
proving  ground  for  testing  the  various  experimental  ordnance  for  the 
uaval  service. 

In  IS64,  the  constructions  for  the  marine  service  received  an  impetus 
which  has  led  to  the  more  ailvanced  development  of  the  present  day. 
The  cast-iron  constmctions  of  that  date  were  fretted  and  rified ;  but  few 
were  breech-loaders,  and  their  caliber  did  not  rise  above  16  centimeters. 

From  that  date,  productions  ranging  in  weight  from  3,00()  to  4,000 
kilograms  were  superseded  by  others  increased  to  from  15,(M)0  to  20,000 
kilograms;  and  as  the  developments  in  steel  were  not  sufficiently  ad- 
vanced to  afford  constructions  purely  from  that  material,  the  resources 
at  the  disposal  of  the  French  constructors  were  still  confinetl  to  the  use 
of  cast  iron  in  the  boilies  of  their  guns  with  sn|>erimposed  frettes  of 
puddled  steel.  This  artillery  since  ISiio  comprises  c;diber8  ranging  from 
5.51  inches  up  to  10.63  inches,  or  27««  (Plate  XV),  and  were  provided 
with  single  frettes  for  small  calibers,  and  double  frettes  for  larger  ones, 
and  were  all  breech  loaders.  These  guns,  it  is  statetl  by  Colonel  Seln^rt, 
by  the  addition  of  fretteis  had  last  that  dangerous  feature  found  iu  tfie 
pure  cast-iron  model  it  supersetled,  of  rupturing  tcitkout  frarmimfj,  only 
save  that  slight  indication  of  wearing  out  given  by  the  enlargeiuent  of 

the  vents.*  «.    i- 

Although  this  svstem  was  regardeil  as  affonlnig  at  that  time  a  resison- 
ablv  iH>werful  gun,  with  sufficient  tangential  streii^rth  for  the  m«Nlerate 
chaVges  eraployeil,  yet  no  provision  for  inereasnl  hMigitmlinal  resUtHuct^ 

•  TbU  coutinutt  »U  mod«ni  oxi>erieuce  with  purw  cust-irou  cou^strm^tiuo^!! 
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foand  place,  and  for  want  of  this  transverse  strength,  ^^dSoulassement^ 
was  the  habitiuil  mode  of  the  destruction  of  the  guns  of  the  model  of  1864. 

Tliis,  in  general  terms,  shows  that  the  experience  of  France  has  proved 
the  longitudinal  weakness  of  cast-iron  constructions,  and  that  it  will 
not  do  to  depend  upon  cast-iron  seats  for  the  fermetures,  especially  if 
anything  like  the  powerful  charges  and  heavy  projectiles  required  in 
modern  service  should  attain. 

This  inherent  weakness  led  to  the  next  step  in  progress  on  the  basis  of 
the  model  of  1864,  and  that  was  the  introduction  of  short,  steel,  oil- tem- 
pered tubes,  principally  of  Firth's  manufacture,  which  are  shrunk  within 
the  cast-iron  bodies,  and  which,  with  increased  thickness  at  the  seat  of 
the  fermeture,  afibrding  a  high-pitched,  coarse,  thick  screw  on  the  ex- 
terior, permitted  the  tubes  being  locked  into  the  cast  Iron.  They  thus 
produced  a  gun  whose  broad  features  were  a  steel  fretted  cast-iron  body 
lined  with  a  hammered  crucible  steel  tube  (oil  tempered),  extending 
about  one-half  of  the  length  of  the  bore,  and  the  result  was  what  is 
known  in  France  as  the  model  of  .1870. 

It  will  be  noticed  that  progress  based  upon  a  large  experience,  both 
by  experiment  and  by  actual  service,  led  to  the  complete  abandonment 
of  pure  cast-iron  constructions  as  too  defective  even  to  be  trusted  with 
the  moderate  charge  then  in  vogue.  This  construction  led  to  the  fol- 
lowing general  modifications  besides  those  for  strengthening  the  guns, 
viz,  to  the  use  of  copper-banded  projectiles,  slow-burning  powders,  and 
the  addition  of  higher  calibers  to  those  then  in  use;  that  is  to  say,  up  to 
a  caliber  of  12.61  inches  (32^'^),  weighing  77,160  pounds,  and  throwing  a 
projectile  of  770  pounds. 

The  French  naval  authorities  were  also  influenced  in  the  strengthen- 
ing of  the  system  of  1864  by  the  introduction  of  the  model  of  1870  by 
the  recognition  that  heavier  charges  must  attain  to  cope  with  the  rapid 
strides  being  made  in  the  application  of  heavier  armor-plating  to  ves- 
sels, and  the  necessity  of  fully  recognizing  the  principle  that  the  trans- 
verse strength  should  afford  as  much  surplus  for  meeting  the  longitu- 
dinal strains  as  was  afforded  in  their  construction  for  the  provision  for 
the  tangential  ones.  A  velocity  of  only  1,148  feet  attained  for  the  gun 
of  1864;  and  higher  ones  being  a  necessity,  this  also  furnished  an  addi- 
tional reason  for  seeking  for  a  stronger  system.  The  employment  of 
short  steel  tubes  was  regarded  as  afibrding  a  full  solution  of  this  prob- 
lem in  1870,  and  was  accordingly  introduced  as  above  stated. 

French  authorities  in  1873,  alluding  to  the  model  of  1870,  also  claimed 
that —  r 

Experiments  have  shown  thnt  there  is  another  advantage  in  tnhing  cast-iron  gnnfr 
with  iron  or  steel,  as  important  as  that  of  increased  resistance,  and  that  is  that  the 
tube  is  the  first  to  give  way,  preventing  violent  explosions. 

Further — 

That  later  trials  with  onr  breech-loading  enns  showed  that  tlie  steel  tube,  joined  to 
its  other  general  properties,  had  a  special  adaptation  for  breech-loading  guns  with  a 
screw  fermeture,  the  importance  of  which  was  very  considerable.  It  increased  up  to 
almost  a  certainty,  even  against  excessive  eftbrts,the  resistance  to  that  which  we  call 
the  '*  rupture  of  the  breech,'^  and  which  was  the  usual  course  of  destruction  of  our  guns 
of  the  model  of  1864. 

The  general  conclusion  from  the  above  is  fully  warranted,  that  pure 
cast  iron,  even  fretted,  after  having  been  thorouglily  tried  for  breecl^- 
loading  guns  in  France,  has  proved  for  modern  exigencies  a  failure,  and 
afibrds  additional  evidence  that,  independent  of  its  inherent  weakness 
for  even  muzzle-loading  guns  as  demonstrated  by  our  own  limited  ex- 
perience, it  would  prove  decidedly  unsuccessful  for  breech  loading  guns 

16  0BD 
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if  not  at  the  very  oatset,  yet  in  the  early  future ;  and  that  any  attempt 
to  solve  the  problem,  especially  regarding  breech-loading  gun  constmo- 
tion,  looking  to  its  use,  even  fretted  with  steel  bands  (model  1864),  would 
be  disregarding  the  experiences  of  the  past,  both  here  and  abroad,  and 
that  failure  in  all  probability  wotUdhe  the  result. 

As  indicated  above,  the  model  of  1870  is  composed  of  a  cast-iron 
body,  fretted  with  puddled  steel,  and  finished  with  a  short  steel  tnbe 
introduced  at  the  rear.  These  guns  are  manufactured  at  Ruelle,  ex- 
cept the  steel  parts,  which  are  fabricated  at  Le  Creuso^  and  St.  Chan- 
mans,  and  sent  to  the  government  works  for  completion  and  application 
to  the  cast-iron  bodies  founded  at  Ruelle.  Some  of  the  steel  tubes  and 
frettes,  however,  are  the  product  of  the  works  of  Messrs.  Thomas  Firth 
&  Sons  at  Sheffield. 

The  following  general  remarks  regarding  casting,  frcttage,  and  tab- 
age,  may  be  of  interest  in  this  connection. 

At  Ruelle,  the  furnaces  are  arranged  in  a  circular  manner  and  at  the 
circumscribing  walls  of  the  foundry.  They  have  in  front  of  them  the 
necessary  permanent  conduits,  built  in  conci'ete,  leading  to  the  pit8, 
which  are  also  circularly  arranged,  occupying  positions  around  th^  lift- 
ing cranes,  which  are  placed  near  the  center  of  the  building. 

The  preparation  of  the  molds  and  flasks,  and  the  mode  of  assembling 
the  sections,  and  other  details  for  casting  have  nothing  peculiar  in  their 
construction,  and  it  only  remains  to  notice  here  the  general  moile  of 
casting.  The  most  peculiar  and  striking  feature  in  their  mode  of  cast- 
ing is  that  the  cannon  are  cast  breech  up,  and  that  the  shape  of  the 
casting  is  nearly  in  conformity  with  the  finished  moilels  of  the  bodies 
of  the  guns.  Some  are  cast  hollow,  and  some  are  cast  solid,  depending 
upon  the  size  and  kind  of  ordnance  these  masses  are  to  he  used  in  con- 
structing. The  heavier  natures  are  cast  holl6w  upon  solid  cores,  which 
are  withdrawn  in  as  short  a  time  as  practicable  after  the  metal  has 
taken  a  sufficiency  of  set. 

The  process  of  hollow  casting  and  internal  cooling  formerly  employed 
has  been  abandoned;  also  no  attempt  to  prevent  the  escape  of  heat  by 
an  outer  covering  such  as  a  thick  layer  of  sand,  or  its  retardation  by 
fires  in  the  pits  external  to  the  flasks.  It  is  claimed  that  the  solidity  of 
the  piece  is  fully  secured,  and  the  metal  as  good  as  by  the  em[)loyment  of 
hollow  cooling,  and  that  it  is  superior  to  the  solid  casting,  and  occasions 
a  considerable  saving  in  time  in  the  boring  and  finishing  of  the  guns. 

In  regulating  the  flow  of  metal  in  casting  at  Ruelle,  two  siphons  or 
conduits  are  used  in  connection  with  the  flasks ;  the  first  one  introduc- 
ing the  metal  into  the  mold  at  the  bottom,  and  the  second  one  continu- 
ing the  casting  as  it  rises,  commencing  to  give  its  flow  at  about  the 
middle  qf  the  flask.  The  flow  from  the  lower  siphon  is,  of  course,  dis- 
continued when  the  molten  metal  has  risen  up  to  the  d^bouch^  of  the 
second  one,  which  then  comes  into  play  in  completing  the  casting.  (See 
plate  XVI.) 

This  mode  of  casting  is  objected  to  by  some  authorities  on  the  ground 
that  the  floating  and  rising  slag  might  become  incorporated  in  the  body 
of  the  casting  when  the  upper  conduit  is  first  opened,  and  thus  result 
in  a  porous  ^ting;  also  that  the  slag  tends  to  obstruct  the  flow  ot 
metal  from  the  second  siphon. 

FRETTAGE. 

It  may  be  of  some  interest  to  note,  shortly,  the  introduction  and  de- 
velopment of  hooping  cast  iron  with  steel  bands  in  strengthening  the 
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former  material  in  gnn  constmctions.  It  appears  that  the  first  attempt 
was  made  in  1830,  at  the  fonnderies  of  Liege,  in  Belgium,  where  the 
minor  powers  of  Europe,  and  even  Russia,  procured  their  cannon  at 
that  time;  resort  being  had,  however,  also  to  the  well-known  Swedish 
foonderies  of  Fingspong  and  Aker.     , 

The  method  was  first  brought  into  notice  at  Buelle,  in  1843.  It  was 
introduced  a  few  years  later  by  Blakely,  in  England;  and  in  1859  it 
was  tested  again  in  Prtace,  at  Yincennes,  by  the  navy  department,  and 
officially  adopted  for  all  its  rified  guns.  In  1864,  in  the  model  then 
adopted,  the  exact  allowances  for  shrinkage  were  established,  based 
ui>ou  both  jiractical  and  theoretical  observations. 

The  allowance  for  shrinkage,  it  is  intended,  shall  be  such  as  to  secure 
a  compression  of  the  interior  strata  according  to  the  theories  of  Gadolin 
and  Lam^s.  The  amount  of  diminution  of  diameter  of  tubes  varies  from 
0.003  to  0.007  inch. 

It  is  hardly  necessary  to  allude  to  the  fact  that  the  large  construc- 
tions for  naval  service  have  two  series  of  puddled  steel  frettes,  made  at 
Le  Creusot  and  Rive  de  Gier. 

The  banded  portion  of  the  cast-iron  body  is,  according  to  general 
mle^,  about  one  caliber  in  thickness,  and  the  bands  0.25  caliber  for  each 
row,  giving  a  thickness  at  the  seat  of  dangerous  pressures  of  about  one 
and  one-half  calibers. 

Tbe  operation  of  shrinking  on  the  hoops  requires  but  simple  and  or- 
dinary appliances.  An  oven,  modeled  after  the  ones  employed  in  Eng- 
land for  heating  tires  for  wheels,  supplies  the  means  for  heiUing  up  the 
frettes  to  the  proper  temperatures.  They  are  transferred  from  thence 
by  means  of  a  small  crane,  and  are  placed  in  their  proper  positions  on 
the  exterior  of  the  prepared  cannon  body  by  two  or  three  workmen.  A 
circular  tube  and  collar  containing  water,  which  escapes  in  jets  on  to 
the  superimposed  frette,  supplies  the  means  for  cooling.  It  is  applied 
not  directly  after  the  placing  of  the  frette  in  position,  but  in  about  ten 
minutes  after  the  latter  operation  has  been  completed. 

After  preparing  the  body,  and  the  assemblage  of  the  first  row  of 
bands,  the  gun  is  transferred  to  the  boring  lathe,  and  the  exterior  of 
the  frettes  accurately  turned,  and  the  preparations  for  the  application 
of  the  second  row  of  bands  completed.  After  this  row  has  been  super- 
imposed the  gun  is  sent  to  the  machine-shop  for  the  final  process  of  fit- 
ting the  fermeturc,  rifiing,  and  other  necessary  work  to  complete  the 
manufacture. 

Proof-frettes  are  tested  for  elasticity,  and  .proof  of  endurance  by  a 
shrinkage  test.  A  cast-iron  cylinder  is  used  over  which  the  experi- 
mental hoops  are  placed  under  a  definite  tension  by  heat,  and  when  the 
imrts  are  cut  the  cylinders  are  broken  up  and  the  frettes  under  proof 
measured  and  otherwise  examined.  A  shrinkage  determined  upon,  say, 
nearly  up  to  .002  of  the  diameter,  and  a  slightly  less  one  for  trunnion 
bands,  should  attain  without  any  permanent  set  resulting  in  enlarge- 
ment. They  should  withstand  an  enlargement  not  exceeding  .004  with- 
out rupture,  or  development  of  serions  superficial  defects  sufficient  to 
warrant  rejection.  Based  upon  these  trials,  the  frettes  are  prepared 
which  are  to  be  used  in  construction. 

In  the  application  of  frettes  or  trunnion  bands  to  the  bodies  of  guns 
the  establishment  of  the  limits  of  shrinkage  must  largely  depend  upon 
the  results  of  the  testing  machine  for  physical  properties,  and  limits 
which  may  be  determined  by  one  set  of  experiments  may  be  non-con- 
curred in  by  another,  operating  on  difierent  metals  used  in  different 
countries.    Tbe  data  resulting  from  French  experiments  are,  therefore. 
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matters  of  interest,  bnt  famish  no  definite  standard  for  following  abso- 
lutely  when  other  steels  are  used. 

TUBAGE.* 

The  object  of  the  introduction  of  steel  tubes  in  the  French  naval  cast- 
iron  guns  was,  primarily,  to  give  increased  strength — especially,  as  above 
stated,  longitudinally — and  incidentally  to  give  a  surface  of  bore  more 
pnerfect  in  its  capacity  for  resisting  erosion  and  gutterings  from  the  dete- 
riorations arising  from  the  contact  of  powder  gases. 

The  increase  in  longitudinal  strength  was  a  sine  qua  non  as  exhibited 
by  the  failures  of  the  fretted  model  of  1864,  and  this  point  alone  de- 
manded the  introduction  of  tubes. 

The  introduction  of  thin  tubes  merely  to  protect  the  bores  had  been 
repeatedly  tried,  but  they  added  but  little  strength,  although  the  wear 
of  the  bore  appears  to  have  been  retarded.  The  present  short  steel 
tube  has  been  the  result  of  the  essays  in  the  tubage  of  guns;  and  the 
general  dimensions  of  this  part  of  the  system  of  the  model  of  1870,  with 
reference  to  the  body  and  other  parts,  are  shown  in  Plate  XVII. 

Colonel  Sebert,  in  1873,  referring,  in  connection  with  the  model  of 
1870,  to  the  subject  of  tubage,  states  as  follows : 

The  most  difficalt  part  of  the  operation  was  the  manner  of  securing  in  the  casing 
the  tube  wbich  receives  the  movable  breech  screw.;  it  is  this  mode  of  attachment, 
and  the  use  of  a  short  tube  not  extending  further  than  the  chase  of  the  gun,  which 
distinguishes  the  method  adopted  by  the  navy.  A  short  tube  was  adopted  because, 
as  regards  strength,  it  is  only  the  rear  part  of  the  gun  which  needs  reinforcing, 
and  because  a  tube  the  length  of  the  gun,  in  the  present  state  of  the  steel  industry, 
would  increase  the  difficulties  of  fabrication. 

The  first  experiments  with  tubes  made  by  the  navy  department  related  to  muzzle- 
loading  guns. 

I  win  not  take  up  in  detail  the  different  systems  successively  examined,  tests  of 
which  have  been  continued  without  interruption  since  1864.  I  will  limit  myself  to  a 
description  of  what  was  absolutely  adopted. 

The  soft  steel  tube,  tempered  in  oil,  is  prolonged  to  a  little  in  rear  of  the  trunnions, 
where  the  gas  exerts  bnt  reeble  pressure.  It  is  reinforced  in  rear,  and  this  reinforced 
part,  desigued  to  receive  the  breech  plug,  is  itself  screwed  into  the  casing. 

The  thread  of  the  screw  designed  to  secure  the  tube  was  one  of  the  points  which 
demanded  most  study  and  gave  the  greatest  difficulty ;  a  form  was  finally  determined, 
so  arranged  as  to  secure  solidity  to  the  system. 

The  tube,  with  its  diameter  larger  than  that  of  its  casing  by  a  slight  amount,  deter- 
mined by  calculation,  was  inserted  intothe  ^un,  which  was  in  a  vertical  position,  and 
heated  to  a  low  temperature  in  order  to  give  it  Just  sufficient  expansion.  •  •  * 
The  tube  having  been  inserted  until  the  shoulder  of  its  reinforced  part  rests  against 
the  plane  of  the  breech,  is  given  a  rapid  motion  of  rotation,  which  screws  it  in,  and 
forces  the  front  of  it  firmly  against  the  bevel  connecting  the  bore  of  the  casing  with 
the  counter-bore. ' 

By  this  process,  the  tube  is  compressed  in  the  part  comprised  between  the  front 
bevel  and  its  shoulder  held  by  the  screw-thread.  This  compression  arises  from  the 
cooling  and  shrinking  of  the  guu,  and,  inversely,  the  gun  is  subjected  over  the  same 
length  to  a  longitudinal  exteubion. 

This  double  condition  appears  to  be  essential  to  the  success  of  tubage.  I  will  not 
stop  to  explain  the  considerations  which  enabled  them  to  ascertain  this  fact ;  it  suf- 
fices to  sav  that  the  amount  of  longitudinal  shrinkage,  for  each  caliber,  is  exactly 
determined  by  calculation,  the  same  as  the  diametrical  shrinkage  of  the  tube.     The 

gun,  once  it  has  been  tubed,  ordinarily  receives  an  exterior  frettage. 

. — ■ — . — -, . 

*  By  tubage  the  cast-iron  screw  seat  is  replaced  by  a  strong  and  hard  screw-tjirt  ad 
in  steel,  and  by  theory  the  strain  on  the  cast  iron,  on  a  somewhiat  greater  diameter  of 
the  weaker  metal,  increases  its  resistance  to  rupture  by  the  breech  strain  at  the  initial 
point  of  the  screw  in  the  cast  iron,  wheie  rupture  is  liable  to  occur  and  "ddculasse- 
uienf  ensue.  By  not  confining  the  length  of  the  tubage  to  a  mere  fillet  of  steel,  bnt 
by  extending  it  along  the  bore  some  distance,  we  undoubtedly  further  relieve  the 
strain  on  the  cast  iniii  at  the  screw  seat  by  the  hold  the  tube  takes  on  the  cast-iron 
body  in  front  of  the  breech,  resulting  from  the  friction  arising  from  the  transmitted 
tangential  strain  in  firing.  This  friction  evidently  tends  to  prevent  a  rearward  action 
of  the  tube,  and  acts  counter  to  the  strain  on  the  breech,  and  hence  considerably 
believes  the  cost  iron  at  that  point. 
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Nnmerons  experiments  have  shown  the  success  of  this  system.  By  experiments 
with  varions  calibers,  and  by  the  final  employment  of  excessive  charges  and  violent 
powders,  the  manner  of  the  destruction  of  these  guns  has  been  examined.  It  has 
been  thotf  shown  that  the  object  desired  has  been  fully  attained,  that  is  to  say,  that 
the  resistance  to  the  blowing  out  of  the  breech  now  predominates  over  the  resistance 
of  guns  to  transverse  rupture,  and  that  consequently  at  the  limit  of  the  life  of  the 
gun,  and  supposing  the  use  of  ordinary  service  charges,  rupture  announces  itself  by 
cracks  of  the  inner  tube,  which  thus  prevents  all  danger  of  premature  explosion. 

It  may  be  interesting  to  know  the  increase  of  resistance  which  f^ttes  and  tubes 
together  give  to  the  naval  guns.  The  following  are  the  results  on  the  subject,  deter- 
mined by  calculation.  These  data  are  taken  from  the  memoir  of  Colonel  Yirgile ;  they 
apply  equally  to  all  our  guns,  which  have  the  same  thickness,  one  and  a  half  calibers : 

1st.  Guns  of  Ruelie,  cast  iron,  without  either  frettes  or  tubes,  the  cast  iron  stand- 
ing 11,257  pounds  per  square  inch,  offer  a  resistance  of  10,000  pounds  per  square  inch.* 

2d.  Similar  ^ns  with  a  single  row  of  frettes,  the  cast  iron  standing  11,V57  poumirt 
per  square  inch,  and  the  puddled  steel,  35,600  pounds,  have  a  resistance  of  20,000 
pounds. 

3d.  Guns  with  two  layers  of  frettes,  for  a  mean  tenacity  of  the  casing  and  frettes, 
reach  2^,700  pounds. 

4th.  The  same  guns  with  tubes  reach  45,900  pounds.  The  addition  of  frettes  and 
tubes  more  than  quadruplicates  the  original  strength  of  the  cast-iron  guns. 

The  appliances  for  the  heating  of  the  cast-iron  bodies  for  the  recep- 
tion of  the  steel  tubes  are  marked  by  great  simplicity.  A  cylindric^il 
furnace,  sufficiently  large  in  its  interior  diameter  for  the  gun  or  guns 
to  be  heated,  is  extemporized  on  the  foundry  floor,  and  of  a  sufficient 
lieight  to  receive  fully  that  portion  of  the  gun  necessary  to  be  heated 
up  sufficiently  to  give  the  necessary  expansion  to  the  cast  iron  for  the 
easy  and  free  insertion  of  the  tube.  It  is  plact'd  over  a  pit,  and  tlie 
projecting  portion  of  the  chase  is  thus  provided  for  when  the  gun  is 
lowered  into  the  furnace. 

The  general  features  of  the  furnace  are  a  brick  exterior  wall,  dry 
built,  and  provided  with  proper  interstices  as  successive  layers  are 
added  in  the  course  of  its  erection.  A  thin  iron  cylinder  constitutes 
the  interior  walls,  and  the  intermediate  space  is  filled  with  wood  fuel 
to  furnish  the  necessary  heat.  Tie-bolts,  radial  and  lengthways  of  the 
extemporized  furnace,  are  supplied  to  give  the  necessary  strength  and 
solidity  to  the  system.    (See  Plate  XVIII.) 

The  gun,  of  course  breech  up,  is  inserted  into  the  furnace  by  the 
crane  or  cranes  of  the  foundry,  and  after  the  insertion  of  the  tube  is 
sent  to  be  finished  by  the  subsequent  operations  of  frettage,  provision 
of  breech-block  seat,  truing  up  of  bore,  rifling,  &c.,  and  its  final  com- 
pletion for  service. 

The  naval  calibers  are  14*^™,  16*^°»,  lO'^™,  24«'°,  27«"»,  32«">,  34«"»,  Sl*""^, 
and  42^.  The  three  last  have  only  recently  been  added ;  and  the  four 
42*"™  guns,  now  in  process  of  construction  at  Buelle,  are  the  first  of  this 
model.  These  guns,  with  one  exception,  are  all  steel,  and  are  built  up 
of  thick  steel  tubes,  tempered  in  oil,  and  with  two  tiers  of  frettes  of 
puddled  steel  shrunk  on.  The  tubes  are  the  product  of  Le  Creusot,  and 
are  cast  from  Siemens  furnaces,  and  forged  under  the  large  hammers 
of  those  works.  Only  three  of  these,  however,  have  a  full  steel  con- 
struction ;  the  fourth  differing  from  the  others  in  having  a  cast-iron  body 
instead  of  a  steel  one. 

This  latter  is  intended  purely  for  ballistic  purposes,  and  to  be  used 
as  soon  as  completed  at  the  polygon  of  Gavre.  The  weight  of  the  steel 
pin  is  75  tons;  the  weight  of  the  experimental  gun,  however,  is  100 
tons;  the  French  engineers  giving  25  additional  tons  weight  for  the  same 
caliper  and  power  when  cast  iron  enters  as  a  component  in  the  system  as 
a  substitute  for  the  steel  bodies. 
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The  details  of  these  gaDS  (42^)  are  as  follows: 

Lengrh  of  the  bore  in  calibers 22 

Weight  in  tons 75.4 

Weight  ot'bnrating  shell ponnus..  1,7^ 

Weight  of  the  charge.... do...  617.3 

Initial  velocity feet..  1,73d 

Living  force  in  foot-tons 96,6^ 

Living  force  per  ton  of  metal 4d5.8 

Living  force  per  ponnd  of  powder • ^.3 

Living  force  per  inch  of  circamfereuce ••  70.8 

The  34^  guns  of  the  model  of  1875,  now  being  built,  may  be  next 
mentioned. 

.  The  following  are  some  of  the  dimensions  and  other  particulars  re- 
garding them : 

Length meters..  10.265 

Length  of  bore do 9.® 

Length  in  calibers 28. S 

Weight tons..  51.6 

Charge kilograms..  210 

Shot do 420 

Muzzle  velocity meters..  596 

Mean  pressure  in  chamber  per  centimeter kilograms..  2,  WIU 

Estimated  penetration centimeters,  iron ..  74 

This  model  has,  however,  several  varieties,  differing  in  weights  and 
dimensions,  save,  of  course,  in  caliber,  as  follows: 


Total  weight tons.. 

Bore: 

Diameter incbea.. 

LeDgth do... 

Length caliben.. 

Chamber,  diameter incbea.. 

Velocity  at  maszle f.  a.. 

Preasore  in  powder*ebamber tona  per  aqoare  Inch . . 

Perforation  of  back-plate : 

Atmnzzla incbea.. 

At  angle  20O do... 

At  1,000  metera \ 

Atl.OMyanla 5 

At  an  angle  of  20<> incbea.. 

Tube tona.. 

Hoopa do  .. 

Breech  apparatna do... 


1. 

2. 

I. 

48.8 

47.2 

1 
48w2 

18.38 
241.4 
l&O 
18.82 
1,722 
17.8 

13.88 
28t4 
21.0 
13.82 
1,788 
17.8 

13.88 
884.9 
25.0 
13.82 
>,88« 
17.8 

24.4 
22.4 

25.6 
23.2 

27.8 
25.2 

21.8 

22.4 

24.2 

10.7 
10.0 
23.2 
.97 

20.5 
21.5 
24.5 
.97 

22.0 
28.0 
24.5 
.97 

sLe 

13.  S8 
38LI 

28.5 
13. 8J 

17.8 

2t.l 
2«u8 

2Sl« 

2X3 
24.5 

.r 


NoTB.— Tbe  aboTe  record  datea  In  October,  1881. 

These  guns  are  boilt  np,  having  a  thin  steel-tempered  tube  encased 
under  shrinkage,  in  forged  steel  bodies,  made  in  two  sections,  and  are 
completed  by  the  superposition  of  pnddledsteel  hoops.  (Seie  Plates 
XIX  and  XX.) 

The  more  marked  features  of  this  system  are  the  amplitude  of  power 
contemplated,  rivaling,  as  it  does,  the  best  efiorts  of  the  Armstrong 
steel  construction;  a  weight  of  charge  one  half  the  weight  of  projectile 
being  designed,  and  a  calculated  muzzle  velocity  of  1,962  feet  beiii^  ex- 
pected to  be  attained.  The  weights  of  the  dilierent  lengths  for  the 
same  caliber  varying  from  43.3  tons  to  51.G;  and  the  muzzle  energy 
secured  is,  say,  about  20,000  foot-tons,  or  about  400  foot-tons,  rou^^hly, 
per  ton  of  metal. 

The  shortening  of  some  of  the  guns  is  found  necessary  to  adapt  them 
for  vessels  not  aduiittiug  of  the  28^  calibers  standard  for  length. 

It  will  be  observed  that  the  chambering  has  only  an  increase  of  about 
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0.44  inch  above  the  bore,  a  marked  difference  between  it  and  the  Eng- 
lish chamber  and  those  proposed  in  the  United  States.  It  is,  however, 
to  be  noted  that  the  importance  of  using  chambers  has  not  escaped  the 
attention  of  the  French  naval  authorities,  as  the  introduction  of  larger 
chambers  in  guns  of  the  model  of  1870  is  one  of  the  features  of  the 
work  now  being  executed  at  Buelle;  recent  experiments  at  Gavre  hav- 
ing shown  the  feasibility  of  their  application  to  the  model  in  question.* 

About  10  per  centum  in  capacity  of  chamber  is  added  to  the  original 
12.594nch  model  of  1870  gun;  and  the  resulting  muzzle  velocity,  using 
the  normal  shot  with  an  increase  in  the  weightof  powder  by  62  pounds, 
has  been  increased  40  feet. 

It  is  understood  that  besides  the  32^™  guns  being  altered,  that  the 
lower  natures  of  model  1870  down  to  14^"  will  be  chambered  to  further 
increase  their  power.  The  power,  however,  attained  by  these  guns  is 
far  inferior,  caliber  for  caliber,  to  that  attained  by  their  more  formidable 
rivals  built  up  of  steel,  now  being  prepared  for  introduction  into  the 
French  marine. 

The  following  references  regarding  the  power  of  these  guns  may  be 
of  some  interest.  From  tables  believed  to  be  as  complete,  generally, 
as  can  be  obtained,  it  will  be  seen  that,  including  the  Dard  model  and 
the  latest  34*"™  guns  now  in  process  of  construction,  the  ratio  of  weights 
of  powder  to  projectiles  is  one  to  two,  and  one  to  three  where  steel  alone 
is  used;  one  to  five  in  the  model  of  1870,  steel  tubed  and  fretted;  and 
one  to  six  for  the  model  of  18G4,  which  latter  are  no  longer  standard. 

In  our  service,  unchambered  8-inch  have  a  ratio  of  one  to  five,  as  in 
the  French  model  of  1870.  Our  experiments  leave  as  yet  in  dispute  the 
X^ropriety  of  usin<x  a  ratio  of  1  to  3|,  as  contemi)lated  in  the  chambered 
breech-loading  8inch  recently  tested  at  Sandy  Hook. 

The  maximum  velocity  contemplated  for  constructions,  all  steel  mo<lel 
of  1876,  is  1,625  feet;  with  model  of  1870, 1,404  feet,  and  with  model 
of  1864,  say  1,100  feet.  These  velocities  are  those  appertaining  to  the 
caliber  of  27*=™.  As  above  stated,  however,  1,962  feet  is  calculated  for 
the  more  recent  construction  of  (1880  and  1881)  caliber  34*=™  gun. 

Keferring  to  the  27'°*  gun,  it  may  be  stated  that  the  weightof  the  pro- 
jectile is  the  same  for  all  models  cited  (1864  to  1881);  the  charges,  how- 
ever, differing  Irom  ^  up  to  ^  of  the  weight  of  the  projectile. 

The  resulting  foot-tons  of  energies  at  the  muzzle  for  the  different 
systems  of  construction,  taking  as  a  caliber  for  comparison  the  27<'°>,  are 
as  follows: 

Foot-tODB. 

Model  of  1879  (steel) 12,677 

Model  of  1875  (steel) 8,695 

Model  of  1870  (cast  iron,  tubed  and  fretted) 6,491 

Model  of  1864  (cast  iron,  fretted) 3,983 

The  energies  per  ton  of  metal  in  the  different  systems  are  approxi- 
matively  as  follows : 

Foot-tons. 

Model  of  1879 410 

Model  of  1876 35W 

Model  of  1870 288 

Model  of  1864 200 

The  calculated  pressures  for  the  raoilels  of  1870  and  1876,  are,  respect- 
ively, per  square  inch,  about  35,500  pounds  fi)r  the  former,  and  41,000 
pounds  for  the  latter.  The  difference  in  these  pressures,  which  it  is  be- 
lieved occur  in  service,  although  sensibly  different,  show  that  the  cast- 

*  It  is  stated  that  the  largest  Freucb  iron-olads  now  in  progress  of  construction  are 
to  be  armed  with  100-t«n  gans. 


248         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

iron  fretted  constractions  of  1864  were— by  the  powders  adopted  for 
their  service — less  severely  8trained  than  the  constructions  of  1870  and 
1876. 

No  more  glaring  evidence  of  the  in»ideqnacy  of  cast  iron  when  com- 
pared with  the  combination  of  this  metal  with  steel  tubes  and  frettes, 
or  with  steel  constructions  simple  and  pure,  can  be  exhibited  than  shown 
by  the  above  figures. 

That  modern  constructions  within  the  present  resources  of  metallurgy 
can  attain  at  least  double  the  energy  x>er  ton  of  metal  (leaving  out  the 
question  of  endurance),  when  compared  with  the  cast-iron  constructions 
of  the  past  (although  fretted  with  steel),  leaves  no  reasonable  room  for 
argument  on  the  advisability  of  the  further  use  of  cast  iron  alone  and 
simple,  and  shows  that  its  employment  at  all  in  gun  constructions  is 
only  warranted  by  the  fact  that  a  safe  construction,  but  of  compara- 
tively low  power,  will  probably  be  the  result  of  its  combination  with 
tubes  and  frettes  of  steel,  and  that  heuce  merely  an  economical  construc- 
tion as  compared  with  the  use  of  steel  will  be  secured. 

It  must  not  be  forgotten,  however,  that  not  only  lower  power  is  a 
drawback,  but  that  although  the  steel  constructions  cost  per  pound 
about  2.9  times  that  of  the  cast-iron  tubed  and  hooped  gun,  yet  the  en- 
durance of  the  former  is  estimat<ed  at  about  three  times  that  of  the  latter. 
The  latter  fact  amply  compensates  for  the  excess  of  prices,  especially  in 
those  guns  which  may  be  called  upon  for  contiuuous  long-continued 
firings,  4s  in  the  cases  of  the  defense  of  seaports — particularly  large 
harbors  exposed  to  continued  and  renewed  attacks — and  ship  arma- 
ments, where  the  great  lightness,  power,  and  strength  of  steel  ordnance 
become  matters  of  vital  importance. 

In  cases,  however,  of  secondary  lines  of  defense,  such  as  those  posi- 
tions where  inferior  power  will  suffice,  and  where  less  continuous  de- 
mands upon  the  resources  of  the  protecting  batteries  will  be  made,  and 
where  the  guns  will  not  be  called  upon  to  coi>e  at  short  ranges  with 
blockading  squadrons,  the  inferior  and  cheaper  constructions  can  be 
utilized;  and  for  such  should,  in  consequence,  have  preference.  In 
many  of  these  cases  the  guns  will  never  be  used,  and  will  have  probably 
become  obsolete  before  any  demands  upon  them,  beyond  practice,  will 
be  made. 

The  original  model  of  1875  (see  Plate  XIX),  a  construction  in  steel, 
is  designed,  generally,  after  its  prototype  of  1870,  to  which  it  is  a  nat- 
ural sequence  growing  out  of  the  experiences  of  ten  years  of  test  and 
manufacture  of  the  latter,  aided  by  the  developments  and  advance- 
ments resulting  from  the  rapid  strides  in  France  and  England  in  the 
production  of  steel. 

Its  salient  features,  as  above  stated,  are  a  steel,  oil-tempered  tube 
{held  simply  by  shrinkage)^  placed  in  a  steel  body  consisting  of  two  parts 
of  about  equal  weight,  united  by  locking  together,  the  whole  strength- 
ened by  two  rows  of  shrunk-on  frettes,  superimjiosed  over  the  body. 
The  fermeture  placed  in  the  rear  section  of  the.body  has  no  connection 
with  the  interior  tube.  This  construction  generally  gives  all  the  ad- 
vantages to  be  derived  from  the  use  of  the  strongest  and  most  suitoble 
metal  for  ordnance;  is  built  up  in  accordance  with  the  theories  of  con- 
struction for  tangential  strength,  as  far  as  they  can  practically,  and  with 
due  regard  to  economy  be  applied ;  and  by  the  separation  of  the  inner 
tube  from  the  body,  disconnecting  the  end  strain  from  the  tangential  at 
this  point,  introduces  a  feature  constituting  a  true  and  important  de- 
parture from  the  ordinary  mode  of  construction,  now  in  vogue.  The 
failurcy  however,  to  lock  the  tube  to  the  body — to  prevent  the  forward 
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tbrast  of  the  former,  arising  from  the  friction  of  the  moving  projectile, 
and  the  gases  operating  on  the  shoulder  of  the  chamber — save  by  the 
friction  between  the  tabe  and  body,  is  a  radical  defect,  and  experience 
has  developed  it  and  led  to  a  modified  form  of  construction.  This  modi- 
fication is  shown  in  Plate  XX. 

It  consists  of  a  hollow  cylinder  screwed  into  the  casing,  and  with 
soilicient  length  to  afibrd  a  rest  for  the  ferraetnre,  and  to  afford  a  means 
ot  being  locked  to  theinterior  tube.  This,  of  course,  will  prevent  the 
tendency  of  the  tube  to  move  to  the  front;  and  it  was  this  cause,  it 
appears  from  recent  French  authorities,  that  led  to  the  modifications 
just  noted.    They  say,  alluding  to  the  original  model  of  1875: 

Ce  mode  de  inbapre  n'a  pas  donn^  de  bona  r^nltats,  ainsi  qne  la  remarqne  eD  a  6t^ 
d^j&  faite  dans  le  1<^  cbapitre  k  propos  des  canons  modMe  1875;  la  fixity  du  tube  fi'e«l 
pas  suffisamuient  assure. 

In  this  modification,  the  junction  of  the  inner  tube  and  body  takes 
place  practically  at  a  point  equivalent  to  the  bottom  of  bore  in  muzzle^ 
loading  guns ;  and  as  the  phenomena  in  the  act  of  firing  in  a  breech- 
loading  or  muzzle-loading  gun — the  breech-loading  gun  using  a  French 
f^rmeture — are  essentially  the  same,  it  is  believed  that  all  the  disad- 
vantages arising  from  having  to  contend  with  the  union  of  the  two 
strains  at  the  bottom  of  the  bore  still  attain  in  this  construction. 
Therefore  the  union  as  proposed  in  this  report  (see  Plate  YII)  seems  to 
me  to  be  preferable.* 

The  absolute  separation,  however,  of  the  longitudinal  and  tangential 
strains  by  designs  in  construction  which  shall  contemplate  entirely  dif* 
ferent  parts  of  the  system  to  separately  withstand  these  stresses,  is 
now  one  of  the  most  prominent  ideas  which  is  engaging  the  attention 
of  the  ordnance  constructors  of  the  day. 

The  first  inventor  to  believe  that  an  advantage  might  be  gained  by 
the  complete  separation  in  a  gun  construction,  united  in  all  its  partSyOt 
the  tangential  and  longitudinal  strains  at  the  breech  was,  as  far  as  I 
can  jndge.  Captain  Emile  Schnltz,  of  the  French  artillery,  who,  as  far 
back  as  1875,  shows,  in  one  of  his  illustrations  of  a  wire  gun,  a  design 
giving  a  pracftical  application  of  this  idea.  The  plan  is  shown  in  the 
plates  XXVI  and  XXVII  (attached  to  patent  specifications,  1875)  in 
this  report.t 

*  In  this  connection,  attention  again  may  be  invited  to  the  practical  experience 
had  both  here  and  in  England  of  the  power  of  the  drawing  forces  exercised  on  the 
surface  of  t!te  bore  by  the  fnction  arising  from  the  passing  projectile  and  the  powder 
gases.  The  gases  operating  on  the  bottom  of  a  closed  tabe,  as  a  point  d'appui,  hold  it 
from  any  forward  movement,  and  the  grip  of  the  projectile  from  friction  tends  forci- 
bly to  drag  the  metal  immediately  around  the  eurface  of  the  bore  to  the  front,  elongating 
it,  and  leads  to  a  longitudinal  rnptnre  commencing  at  the  surface,  and  finally  extend^ 
ing  through  the  thicK  tube,  as  in  the  case  of  the  Duilio  gun,  or  in  the  cose  of  a  lining- 
tube  with  a  bottom,  of  forcibly  rupturing  it,  and  dragging  it  out  of  the  body  of  the 
gun,  and  projecting  it  to  the  front,  as  in  the  case  of  the  English  and  American  guns 
which  have  been  so  disabled.  No  such  phenomena  can  occur  if  the  inner  tube  is 
bottomless  and  firmly  secured  to  the  superimposed  body  as  described  in  text  and  by 
Plate  VII. 

Further,  a  comparison  of  muzzle-loading  wrought-iron  lined  guns  with  the  8-inch 
breech-b>ading  lined  gun  tested  at  Sandy  Hook — theltitter  having  a  bottomless  tube — 
tends  to  confirm  the  advantages  of  this  construction.  In  the  former,  long  and  deep 
coil-weld  marks  att-ained  in  proof,  whereas  their  absence  in  the  latter  was  particu- 
larly marked. 

f  Prior  to  1875.  various  plans  for  loading  heavy  ordnance  at  the  breech  (for  in- 
stance, see  appendix  of  Report  of  Board  on  Heavy  Ordnance  1872)  were  in  existence, 
in  which  the  feature  of  the  division  of  the  tangential  and  longitudinal  (breech) 
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It  will  be  seen  that  the  jacket,  saperimpoBed  over  a  ateel  tube 
wrapped  with  wire,  is  seenred  to  a  breech- block  receptacle,  the  fenne- 
ture  when  in  position  for  firing  simply  abutting  against  the  rear  face  of 
the  tube  in  which  the  charge  is  wholly  contained. 

Referring  to  the  experiences  in  the  French  service,  which  showed  the 
absolute  necessity  of  the  introduction  of  some  means  for  the  preveutioa 
of  dicula%sement  in  the  fretted  cast  iron  guns  of  model  of  i8G4,  we  see 
that  reinforcement  with  interior  steel  tubes  was  the  reme<ly  resorted 
to  to  remove  the  evil.  A  separation  of  the  two  strains  appears  to  be  a 
more  radical  treatment,  and  it  is  even  probable  that  a  cast-iron  fretted 
or  wired  gun,  without  an  interior  tube — the  longitudinal  stress  being 
borne  outside  of  the  body  of  the  gun — might  be  tried  as  promising  a 
fair  solution  of  the  problem  for  guns  of  a  secondary  order  of  power,  if 
not  too  cumbersome  and  heavy  in  construction.  A  general  plan  is  here- 
with presented  combining  these  features  with  a  steel  body  with  an  in- 
terior bottomless  tube,  wrapped  with  wire,  and  protected  by  a  steel,  or 
soft  metal,  jacket.    (See  Plates  XXI  and  XXII.) 

It  is  thought  that  experiments  can  safely  be  commenced  with  a  9inch 
caliber,  and  the  plans  are  so  presented. 

A  successful  construction  of  a  6inch  or  S-inch  caliber,  using  even  the 
materials  and  appliances  at  present  at  our  command,  or  shortly  to  be  »o, 
is  reasonably  assured  by  our  experiments  here,  and  if  any  guus  of  these 
calibers  are^  required,  we  can  readily  produce  them,  making  judicious 
modifications,  the  means  for  which  are,  it  is  believed,  within  our  con- 
trol. Motives  of  economy,  amongst  others,  dictate  this  view,  and  from 
these  considerations  and  others  above  stated,  I  believe  that  the  French 
model  of  1870,  tor  calibers  at  least  up  to  8  inches,  could  be  safely  intro- 
duced. For  highetr  natures,  where  weight  becomes,  amongst  other  con- 
siderations, a  matter  of  grave  import,  I  think,  as  above  set  forth,  that 
we  must  resort  to  pure  steel  constructions,  using  either  wire- wound  or 
steel-jacketed  steel  tubes. 

A  cast-iron  gun  lined  and  fretted  with  suitable  steel,  and  judiciously 
proportioned  or  modeled  after  the  latest  constructions  of  1870,  will  give 
a  powerful  and  in  all  probability  a  safe  gun;  and,  trom  these  considera- 
tions, and  considerations  of  economy,  and  the  present  devtloped  resources 
of  our  country^  and  those  reasonably  to  be  expected  in  tbe  near  future, 
is  a  S3'stem  worthy  of  consideration  for  immediate  test  in  the  heaviest 
ordnance. 

Although  reliable  guns  of  high  power  will  probably  result  from  this 
construction,  yet  it  would  seem  that  a  compact  and  strong  provision  for 
the  longitudinal  stress  outside  of  the  body  of  the  gun  will  be  an  improve- 
ment even  in  this  type  of  ordnance. 

This  system  has  been  so  thoroughly  developed  that  it  seems  to  me 
that  it  should  be  taken  for  granted  that  its  principles  are  well  estab- 
lished, and  that  hence  expeiiments  should  only  be  made  with  the  higher 
calibers  decided  upon  as  required. 

Halting  here,  however,  would  be  doing  injustice  to  the  subject  of  the 
provision  of  an  adequate  and  powerful  sea-coast  armament,  and  hence 
every  eflfort  should  be  made  to  develop  our  resources  in  the  production 


straiDB  appear;  but  these  featares  were  accidental  and  entirely  snbonliuate  to,  and 
the  outgrowth  of,  the  peculiar  modes  for  openiuf^  and  closing  the  breech. 

Schultz's  model  of  1875,  it  may  be  further  stated,  is  a  built-up  gun,  its  parts  not 
to  be  separated  in  loading,  and  on«»  in  which  the  different  strains  are  supported  by 
parts  independent  of  each  other.  The  fact  that  he  used  a  then  old  device  for  closing 
the  breech,  conftnns  the  view  that  his  separation  of  strains  was  fuUy  contemplate<C 
and  was  not  a  simple  sequitur  in  his  wire-gun  plans  of  1875. 
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of  tbe  saperior  metals,  and  gun  constraction  should,  by  experiments, 
ke<^p  pace  with  the  advancements  made,  as  time  passes,  in  the  produc- 
tion of  steel  for  ordnance,  and  that  problem  shonld  not  be  pennitte<l  to 
rest  a  moment,  until  we  have  at  our  command  resources  which  will 
enable  us  to  promptly  and  successfully  produce  guns  of  the  highest 
power,  combined  with  light  weight  and  strength. 

SCHULTZ  WIBB  GUN. 

The  successful  test  in  France  of  a  6-inch  wire  gun  on  the  Scliultz 
plan  has  given  such  an  impetus  to  the  development  of  this  mode  of 
construction,  that  not  only  the  French  naval  authorities  have  decide<l  to 
push  experiments  in  this  direction  on  a  large  scale,  but  also,  as  set  forth 
in  this  report,  English  manufacturers  have  made,  and  are  making,  rapid 
strides  in  the  development  of  systems  involving  the  use  of  steel  in  this 
form. 

No  fewer  than  six  experimental  wire  guns  are  now  in  process  of  manu- 
fiacture,  varying  in  caliber  from  34  centimeters  to  10  centimeters. 

The  steel  (oil  tempered)  is  made  at  Saint  Ghaumond;  the  wire  used  is 
known  as  piano- wire.  The  guns  being  wound,  or  to  be  wound,  are  to  be 
finished  at  Lille;  and  where  cast-iron  bodjes  are  used,  they  are  the  pro- 
duct of  the  foundry  at  Ruelle.    ^ 

In  October,  1881,  the  34-centimeter  gun  was  in  such  an  advanced 
stage  of  progress  that  its  completion  was  expected  in  three  months,  and 
tbe  experiments  with  it  are  contemplated  to  be  made  this  ensuing  sum- 
mer at  Oavre. 

The  34-centimeter  gun  has  a  steel  body,  as  before  stated;  but  the  four 
24-centimeter  guns — ^indicated  on  the  list  as  experimental  guns — are  to 
have  cast-iron  bodies;  and  one  or  two  of  the  latter  had  been  cast  in 
September  last,  and  were  in  process  of  boring  and  finishing  at  my  visit 
to  Euelle  last  autumn. 

A  10-centimeter  gun  completes  the  number  of  experimental  wire  guns 
at  present  contemplated,  and  is  now  ready  for  trial. 

Beferring  to  the  34-centimeter  gun,  it  may  be  here  stated  that  wire 
0.118  inch  in  diameter,  to  the  extent  of  43  layers,  is  wound  round  the 
body,  giving  a  wire  thickness  of  about  4.42  inches,  the  exterior  to  be 
covered  by  a  cast-iron  jacket  to  protect  the  wire.  The  breaking  strain 
of  the  wire  is  reported  at  200  kilometers  per  millimeter,  and  it  is  put  on 
under  a  tension  of  about  one-third  its  ultimate  strength.  Longitudinal 
strength  is  given  by  12  steel  rods  of  about  7^  inches  in  diameter,  pass- 
ing from  the  trunnion-ring  to  the  breech-block  receptacle,  and  secured 
at  each  end  by  suitable  nuts.  One  statement  gives  the  charge  at  440 
pounds,  with  a 900- pound  projectile;  another  as  330  pounds  powder  and 
a  990-pound  projectile. 

The  24-centimeter  guns — cast-iron  bodies — are  all  to  be  unlined  ex- 
cept one,  which  is  to  have  a  short  steel  tube.  Thirty-five  layers  of  wire 
about  0.^^8  thick  firom  breech  to  center  of  trunnion-ring,  and  16  lay- 
ers Arom  thence  to  about  half  the  length  of  tbe  chase,  complete  the 
wire  wrapping.  A  jacket  of  copper  over  all,  of  8  millimeters  thickness, 
is  to  be  superitiposed  over  the  wire.  The  breech-blocks  will  be  steel, 
and  will  be  secured  as  in  the  case  of  tbe  34-centimeter  gun.  These  guns 
are  expected  to  be  finished  in  two  years. 
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Ihe  followiDg  table  gives  some  of  the  principal  dimensions  of  these 
guns,  and  other  data : 
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It  will  be  been  by  computation  that  Captain  Schultz  has  an  extraor- 
dinary excess  of  longitudinal  strength,  amounting — taking  steel  rods  at 
100,000  pounds  per  square  inch — ^in  tensile  strength  to  over  50,000,000 
pounds.  The  pressures  on  the  bottom  of  the  chamber  or  face  of  the  fer- 
meture  would  only  be  about  6,000,000  pounds,  taking  the  gas  pressures  at 
40,000  pounds  per  square  inch.  This  ratio  of  resistance  to  pressures 
to  be 'withstood,  even  if  so*}iewhat  abnormal,  seems  excessive,  and 
although  it  is  necessary  to  keep,  in  providing  for  the  strains,  within  the 
elastic  limits  of  the  metal  used,  yet  even  then  ve  have  a  larger  reserve 
than  seems  at  all  necessary.  It  results,  it  seems  to  me,  in  an  unneces- 
sarily cumbersome  and  also  weighty  structure.  The  diameter  of  the 
breech-block  is  stated  to  be  59  inches;  and  it  is  estimated  approxima- 
tively  (no  complete  drawing  is  available)  that  the  wails  do  not  exceed 
nine-tenths  of  a  caliber  in  thickness,  if  they  attain  that  limit. 

With  the  data  given,  a  tolerably  accurate  drawing  of  the  system  in 
its  general  features  can  undoubtedly  be  produced.  Heretofore,  atten- 
tion has  only  been  had  to  the  disposition  made,  looking  to  the  securing 
of  strength  by  the  introduction  of  the  feature  of  division  of  strains  at 
the  bottom  of  the  bore. 

The  mode  of  securing  the  ends  of  the  wires  is  one  of  the  greatest 
importance,  as  the  initial  tension  of  the  applied  wire  in  gun  construc- 
tion is,  as  a  rule,  about  one-third  of  the  breaking  weight.  Armstrong, 
it  is  believed,  uses  at  least  two  plans,  one  set  forth  in  his  patent  S|>eei- 
fications,  and  the  other  illustrated  by  the  accompanying  plates,  Nos. 
XXIII,  XXIV,  XXV,  showing  his  mode  of  wiring  cylinders  for  compar- 
ative tests  (for  tangential  strength)  with  all  steel  cylinders,  using  gun- 
powder to  rupture  them,  which  are  both  free  from  longitudinal  stress. 

The  plates  briefly  show: 

Fig.  I,  a  cylinder  as  prepared  with  recesses  to  secure  the  ends  of  the 
wire  with  a  plug,  as  shown  in  Fig.  5. 

Fig.  II,  a  section  of  Fig.  1. 

Fig.  Ill  shows,  in  part  elevation  and  part  section,  the  wire  as  wound 
round  K.  G.  F.  steel  cylinder.  It  is  fitted  with  steel  end-pieces.  They 
contain  the  crusher-gauges^  and  one  of  them  is  also  drilled  for  a  vent; 
both  ends  are  then  fitted  in,  and  wrought-iron  supporting  hoops  are 
fitted  over  them.  Each  layer  of  wire  is  fastened  at  both  ends  separ- 
ately, with  |-inch  screws,  as  also  shown  in  Fig.  6,  and  at  section  A  B. 

Fig.  IV,  same  as  Fig.  3,  with  the  difference  of  a  steel  hoop  instead 
of  wire. 

Fig.  V  shows  ends  of  wire  secured  by  plug. 

Fig.  VI,  ends  of  wires  secured  by  screws,  as  shown  in  elevation  and 
section  through  A  B. 
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'  Capt.  Schultz,  from  the  imperfect  data  before  ud,  appears  also  to  bare 
coDtemplated  two  plans;  one  to  be  hereafter  alladed  to  in  presenting 
bis  plans  of  1875,  and  the  other  regarding  which  my  information,  an 
obtained  at  Paris  last  fall,  is  vague  and  incomplete.  ^^Barots" — small 
hardened  steel  pieces — ^placed  at  the  termini  of  the  wire  layers,  in 
recesses  in  the  flanges  of  the  steel  core  or  body  (between  which  the 
layers  are  placed),  are  the  recipients  of  the  wire  in  the  second  plan. 
These  ^^barots^  are  slotted  across,  the  slot  being  of  a  less  width  (at  the 
middle  |  ^j  \)  than  the  diameter  of  the  wire  (which  is  driven  into  it 
with  a  hammer),  so  as  to  leave  about  two-thirds  of  the  strength  of  the  wire 
as  a  bind.  As  the  tension  is  about  one-third  of  the  ultimate  strength, 
sufficient  tensile  strength  is  left  to  securely  withstand  the  pull  of  the 
tensed  wire.    The  shape  of  the  "  barot  ^  is  shown  on  Plate  XXVII,  Fig.  5. 

Captain  Schnltz  presented  his  plans,  as  then  matured,  to  the  public 
in  the  United  States,  under  a  patent  secured  by  him  in  1875.  The 
essence  of  the  description  of  his  plan  and  the  illustrative  plates  are 
given  as  of  interest,  and  as  throwing  some  light  upon  his  invention. 
Since  then,  it  may  be  remarked,  he  has  resort^  to  steel  rods  to  secure 
his  breech-block,  as  shown  in  Plate  XXI. 

His  patent  specifications  are  as  follows. 

His  mode  of  fixing  the  piece  upon  the  carriage  is,  of  course,  only  in- 
cidental but  it  is  quoted  as  a  matter  of  some  interest : 

The  first  part  of  my  iDvention  relates  to  that  class  of  oaDnon  in  whicli  the  tube  or 
barrel  is  enveloped  in  a  coil  of  wire  under  constant  tension,  and  it  consists  in  a 
method  of  fastening  the  end  of  the  wire,  while  under  tension,  l)y  driving  it  into  a 
slot  smaller  than  the  diameter  of  the  said  wire.  The  second  part  of  my  invention 
relates  to  a  method  of  fixing  a  piece  of  ordnance  upon  its  carriage,  by  the  combina- 
tion of  a  trunnion  case  or  cylinder  with  bearinfj^  ring  formed  on  the  cannon,  and 
elastic  bodies,  whereby  the  shook  of  the  piece  against  its  carriage  will  be  transformed 
into  a  continuous  pressure,  also  to  a  method  of  lodging  the  cannon  in  the  rear  end  of 
the  trunnion  case  or  cylinder,  so  that  it  may  pivot  round  the  axes  of  the  bearing-ring 
to  permit  the  lateral  pointing  of  the  cannon  without  displacing  the  tr^il. 

On  the  accompanying  sheet  of  drawing  (Plates  XXVI  and  XXVII)  Fig.  1  is  a  lon- 
gitudinal section  of  a  piece  embodying  m^  invention,  Fig.  1*,  a  lateral  section  of  same 
by  XV;  Fig.  2,  end  view  of  the  breech.  Fig.  3,  lateral  section  of  a  piece  following  the 
lines  A,  B,  C,  D,  £,  of  Fig.  4.  Figs.  4,  5,  6,  7,  and  8  illustrate  tne  fastening  of  the 
wires  on  the  piece.  Fig.  9  shows  breech-screw  with  threads  cut  following  helicoidai 
lines.  Figs.  10  and  11  are  longitudinal  sections  of  two  pieces  with  variable  strength 
or. resistance  from  the  breech  to  the  mouth. 

A  indicates  the  central  tube  of  the  cannon,  around  which  the  wire  coils  at  B; 
C,  faces  which  limit  the  space  reserved  for  the  wires ;  D,  channel  in  which  meet  the 
ends  of  all  the  rows  of  wire ;  H,  ring  carrying  wire  fastenigs ;  M,  casing  or  jacket  en- 
'veloping  the  tube,  and  carrying  the  breech  and  the  fastenings  for  securing  the  piece 
upon  its  carriage ;  N,  screw  fixing  Jacket  at  the  back ;  O,  cylinder  with  trunnion  P ; 
P',  rear  end  of  cylinder ;  Q,  ring  or  cannon  bearing  against  iudia-rubber  washer  R ; 
8  S,  flattened  parts  of  cannon ;  a,  a  slit  of  rectangular  section,  in  tempered  steel  piece 
h  ;  /,  projection  on  jacket  abutting  against  m;  pp,  springs  or  washers  of  mdia  rubber ; 
rVf  sheet-iron  washers. 

Method  of/Mtening  the  wires. 

The  method  of  fastening  must  meet  several  requirements;  it  should  be  sufficiently 
simple  to  occupy  but  little  space ;  it  must  be  absolutely  secure ;  finally,  the  fastening 
must  take  place  while  the  wire  is  supporting  the  coiling  weight,  and  without  any  va- 
riation of  its  tension.  A  means  of  attaining  this  object  consists  in  squeezing  several 
wires  between  two  pieces  with  corrugated  surfaces,  intended  to  produce  gentle  curves 
in  the  wires.  The  squeezing  of  these  pieces  is  obtained  by  screws  or  by  wedges;  but 
the  meauH  to  which  I  give  preference,  and  which  I  claim  as  m^  invention,  consists  in 
inserting  the  wire  into  a  slit,  a,  of  rectangular  section,  made  in  a  piece  of  tempered 
steel,  &.  The  width  of  this  slit  is'slightly  less  than  the  diameter  of  the  wire.  The 
result  is  that  the  wire,  being  sunk  into  this  slot,  is  cut  against  the  sharp  edges  of  the 
steel,  two  small  segments  are  removed,  and  the  wire  forms  a  real  riveting,  a,  Fig.  8. 
The  pieces  of  steel  forming  fastenings  are  sot  transversely  to  a  channel,  D,  where 
meet  the  ends  of  the  wires  of  all  the  rows.    The  wire  which  it  is  desired  to  fix  comes 
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onto  the  edges  of  the  slit,  and  wliile  still  remaining  nnder  tlietiwioa  of  the  weigbt 
which  it  snpports,  a  blow  from  a  hammer  is  safflcient  to  drive  it  into  the  stlt,  wid  fche 
fastening  is  thus  completed  without  any  variation  of  the  tension. 

The  mode  ofJLting  the  piece  upon  He  carriage. 

The  preservation  of  the  carriages  is  very  difiBcnlt  in  the  case  of  light  pieces  firing; 
with  heavy  charges,  and  to  obviate  this  defect  it  has  been  proposed  to  interpose  steel 
springs  between  the  piece  and  the  carriage.  To^attain  tne  same  end  1  use  the  fol- 
lowing method  of  mounting  the  piece :  For  this  purpose  a  cylinder,  O,  Figs.  1  and  I*, 
having;  trunnions,  P,  is  set  in  the  ordinar>'  manner  on  a  carnage.  The  piece  may 
slide  trpely  in  this  cylinder  like  a  piston.  In  the  space  left  between  the  cylinder  and 
the  piece  Hre  placed  springs  or  washers  of  india  rubber,pp,  analogous  to  those  u»ed 
for  the  buffers  of  railway- wagons,  and  separated  by  sheet-iron  washers,  r  r,  intended 
to  isolate  and  ceuter  them.  These  washers  l>ear  agsiinst  the  rear  end,  P',  of  the  cyl- 
inder. The  cannon  has  a  projecting  ring,  Q,  which  bears  against  the  india-rubber 
washers,  or  the  steel  spring,  and  compresses  them  under  the  effect  of  the  recoil.  An 
india-rubber  washer,  K,  is  interposed  between  the  riuj^  and  the  front  end  of  the  cylin- 
der to  deaden  the  return  shock  of  the  piece  when  it  is  brought  back  to  its  primitive 
position  by  the  distension  of  the  compressed  washers. 

The  object  of  this  aiTangement  is  not  to  lessen  the  recoil,  but  to  deaden  the  shock 
of  the  piece  against  its  carriage,  by  transforming  it  into  a  contiunons  pressure. 

This  arrangement  presents  another  advantage,  namely,  that  of  permitting  the 
pointing  to  be  completed  without  displacing  the  traiL  For  this  purpose  it  is  only 
necessary  to  leave  a  slight  play  at  a  for  the  lodgment  of  the  piece  in  the  rear  end  of 
the  cylinder,  so  that  it  may  be  moved  latterly  to  a  slight  extent  by  pivoting  roand 
the  axis  of  tlie  bearing-ring,  Q,  against  the  washers. 

The  opening  left  tor  the  passage  of  the  piece  into  the  bottom  of  the  cylinder  is 
made  following  a  straight  line  horizontally.  The  i)iece  carrying  flattened  parts,  8  S, 
rests  upon  the  lower  horizontal  surface  of  the  opening,  and  the  play  only  exists  later- 
ally.   Fig.  1*  shows  this  arrangement. 

Two  screws  or  an  eccentric  permit  moving  the  piece  in  this  openi*  g,  and  giving  it 
a  certain  inclinatfon  on  the  axis  of  the  cylinder. 

Befeiring  back  to  the  notice  of  a  9  inch  constrnction  on  tbe  Schultz 
plan  (see  Plates  XXI  and  XXII),  tbe  following  brief  remarks  may  be 
made  regarding  its  general  featnres. 

Assuming  40,000  pounds  pressure  as  a  normal  strain,  and  placing  the 
tensile  strength — attainable  in  good  quality  steel  rods— at  100,000  pounds 
per  square  incli,  it  results,  approximatively,  that  we  have  a  ratio  of 
strength  to  resist  the  stress  on  the  face  of  tbe  fermeture  as  at  least  six 
to  one.  The  strains  would  have  to  be  largely  abnormal  to  reach  the 
elastic  limit  of  the  rods,  or,  say,  80,000  pounds  gas  pressure  per  square 
inch,  allowing  40,000  pounds  per  square  inch  as  the  statical  pressure  at 
which  permanent  set  will  take  place.  That  solidity  which  insures  the 
maximum  of  rigidity  appertaining  to  undivided  constructions  is,  how- 
ever, wanting  in  this  construction,  and  hence  we  have  to  contend  with 
a  tendency  to  a  spring  in  the  bolls,  which  is  aggravated  by  repeated 
straining,  and  a  vibrating  action  which  will  possibly  sooner  or  later 
result  ill  a  tendency  at  each  discharge  to  cause  a  transient  play  between 
the  divisions  of  the  gun,  causing  a  slight  momentary  separation  between 
the  termeture  and  the  gas  check. 

The  advantage  of  separation  of  strains  would  be  almost  altogether 
lost  if  we  attempted  to  screw  the  fermeture  partly  in  the  breech-block 
and  partly  into  the  body  of  the  gun.  This  presumed  possible  disad- 
vantage, however,  can  be  fully  met,  it  is  believed,  by  the  introduction 
of  the  de  Bange  gas  check — a  check  now  adopted  in  the  French  land 
service,  even  np  to  the  highest  calibers  (24  centimeters),  both  for  pure 
steel  and  cast  iron  and  steel  constractions.  It  will  be  described  under 
the  head  of  French  Heavy  Ordnance  for  land  service.  It  is  only  neces- 
sary to  state  here  that  it  is  a  check  of  extreme  simplicity,  cheap,  light, 
readily  applied,  sufficiently  durable,  is  replacable;  is  standard  in  the 
French  army;  is  being  developed  at  Woolwich,  starting  from  28-pounder 
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gUDS,  in  wbidi  it  has  proved  a  sacceBs;  and  that  it  requires  no  gas  seat 
or  enlargement  of  the  chamber  or  bore  to  receive  it.  Its  advantages  in 
the  oonstrnctiou  under  consideratidh  are,  that  it  finds  its  seat  in  firing 
not  necessarily  at  one  point,  but  that  it  has  a  tolerance  in  this  regard, 
and  hence  can  jierform  its  functions  under  a  play  which  cannot  be  suc- 
cessfully allowed  for  in  the  seating  of  the  Broadwell  ring,  now  univer- 
sally used  in  obturation.  This  latter,  however,  can  undoubtedly  be 
used,  but  it  is  apparent  that  if  desirable  to  experiment  with  the  de 
Bange  plan  it  can  be  readily  and  inexpensively  tested  in  any  construc- 
tion, which  is  evidently  designed  for  the  Broadwell  ring  and  the  French 
fermeture,  advantage  being  taken  to  test  the  former  system  prior  to 
the  application  of  the  metallic  gas-check  obturation. 

It  is  pro)>er,  however,  to  slate  here  that  some  objections  have  been 
rait>ed  regarding  the  de  Bange  check  by  the  French  naval  authorities; 
the  priuci[>Rl  imperfections  alleged  being  deterioration  of  the  checks  by 
re]>eated  firings,  and  by  time  and  climatic  influences;  and  also  a  lia- 
bility of  the  stem  of  the  "roushrdom  head,'^  between  which  latter  and 
the  face  of  the  screw  fermeture  the  check  works.  The  difficulties  of  se- 
curing a  central  fire  may  be  increased,  but  it  is  not  seen  but  that  by  in- 
creasing the  diameter  of  the  queue  of  the  rondellen,  or  "mushroom  head,'^ 
that  objection  and  also  that  of  liability  to  breaking  of  the  queue  can  be 
satisfactorily  met. 

The  general  principle  that  a  great  advantage  cannot  long  remain  sub- 
ordinate to  jncreased  difficulties  in  securing  other  desideratums  will 
soon  vindicate  itself  by  inventions  affording  a  solution  of  the  difficulties 
surrounding  the  problem.  These  imperfections,  it  seems  to  me,  if  they 
prominently  exist,  are  of  such  a  nature  as  to  be  easily  overcome;  and  I 
am  sustained  in  this  belief  by  the  fact  of  the  universal  application  of 
this  mode  ot  obturation  in  the  French  land  service,  and  the  successful 
experiments  with  it  in  Oreat  Britain. 

The  model  i^resented  has  thirty  calibers  of  length ;  eight  steel  rods  5 
inches  in  diameter,  to  support  tLe  breech-block;  the  stee)  tube — fluid 
comx)ressed — and  the  wire  to  be  wound  and  fastened  after  any  well- 
known  good  plan  for  securing  the  ends;  and  the  gun  finished  after  any 
of  the  common  modes  of  jacketing  or  hooping.  Its  weight  should  not 
exceed  18  toAs. 

One  of  the  advantages  of  this  rod  system,  it  will  be  seen,  is  that  the 
rods  can  be  replaced  when  their  elasticity  is  gone,  and  as  long  as  the 
body  of  the  gun  is  intact^  the  gun  is  repairable.  The  number  of  rods 
in  this  mode  of  construction  should  not,  it  would  seem,  be  less  than  four; 
but  the  minimum  number  which  can  be  used  to  the  best  advantage  will 
give  us  greater  stiffness  in  the  system,  and  the  number  for  this  reason 
should  be  made  but  few,  due  regard  being  had  to  the  demands  in  di- 
mensioning and  fastening  the  other  ]iarts  of  the  construction.  In  the 
Schultz  system  it  will  be  seen  that  cast  iron,  as  well  as  steel  bodies,  are 
contemplated;  and  in  such  a  system  only  can  cast  iron  without  tubing 
be  tolerated  even  for  secondary  purposes. 

If  the  division  of  strains  with  ^firing  or  fretting  can  make  it  available, 
yet  inferiority  in  strength  and  reliability,  besides  other  objections,  must 
result  J  and  wehave  but  at  best  a  make-shift  construction.  The  cast  iron^ 
besides,  is  more  subject  to  detexioration  by  the  action  of  the  powder, 
and  such  guns  present  less  endurance  (about,  say,  one  to  three)  than 
tlie  others  of  the  same  system  having  steel  barrels. 

Nothing  but  economy  and  facility  of  construction  warrant,  it  seems 
to  me,  any  efforts  to  further  contemplate  experiments  looking  to  its  use. 

The  current  opinion  in  French  army  circles,  I  am  credibly  informed, 
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is  tbat  the  Schaltz  coostraction  is  the  best  elaborated,  and  that  which 
has  the  greatest  po?nrer  for  endarance  at  the  present  writing.  It  is  re- 
garded as  perfectly  rational  in  theory,  and  experiments,  as  far  as  made, 
give  weight  to  its  claims. 

In  three  or  four  months  the  34-centimeter  gun,  it  is  stated,  will  be 
tested,  and  the  e^perimeDts  will  be  of  much  interest,  especially  as  Cap- 
tain Schaltz  desires  that  the  pressures  be  run  up  to  from  5,000  to  6,000 
atmospheres. 

Before  closing  this  discussion  on  the  Schnltz  wire  gun,  with  its 
peculiar  feature  of  separate  and  independent  provisions  for  the  tangen- 
tial strain  and  the  longitudinal  breech  strain,  it  is  to  be  remarked 
that  the  advantages  of  the  introduction  of  the  latter  principle  in  gun 
construction  cannot  be  overlooked,  and  that  every  consideration  war- 
rants, if  not  demands,  deep  inquiry  into  the  feasibility  of  its  practical 
introaaction  in  a  system  otherwise  well  digested  to  meet  the  other  im- 
portant requirements  of  maturely  planned  models.  Increased  strength 
must  follow,  and  we  would  have,  in  the  satisfactory  introduction  of  this 
feature,  an  additional  guaraotee  of  the  safe  admission  of  greater  strains 
than  can  be  borne  by  ordinary  constructions  in  which  no  provision  is 
found  for  the  separation  of  the  two  forces  which  now  act  together  at 
the  breech  to  rupture  our  guns.* 

FRENCH  ARMY  ORDNANCE. 

• 

The  broad  features  of  construction  of  the  army  heavy  ordnance  are 
essentially  those  finding  place  in  the  naval  guns,  but  the  power  deemed 
necessary  for  land  purposes  is  much  more  limited,  of  course,  than  for 
marine  and  sea-coast  uses ;  and  hence,  we  find  that  a  24^*°  gun  is  the 
highest  type  introduced  into  this  branch  of  the  service.! 

The  principal  dimensions  and  other  details  regarding  these  guns  are 
given  in  the  following  accompanying  table,  and  a  section  of  the  all  steel 
and  the  cast-iron  gun,  lined  and  fretted  with  steel  of  the  same  caliber 
(24em)^  will  be  found  on  Plates  XXVIII  and  XXIX. 

The  steel  guns  are  known  as  the  Module  de  Bange.  The  body  of  the 
gun  is  composed  of  a  tube  of  cast  steel  (tempered  in  oil  and  annealed), 
reinforced  by  frettes  of  puddled  steel  (t^jmpered  in  oil  or  water).  The 
breech  frette  is  prolonged  in  rear  of  the  base  of  the  tube,  forming  a 
protection  for  the  breech  mechanism.  The  trunnions,  except  in  field- 
guns,  are  hollow.  Pieces  of  heavy  caliber  have  carrying  handles.  The 
j&ette  first  placed  in  position  abuts  against  a  shoulder  on  the  tube  which 
prevents  any  forwani  sliding.  (In  the  180"™  and  240"™  guns,  fretted 
all  the  way  to  the  muzzle,  it  is  the  last  cylindrical  frette.) 

The  extremity  of  the  chase  is  strengthened  by  a  swell  of  the  muzzle 
shaped  like  a  band. 

The  seat  of  the  breech  mechanism  has  nearly  the  same  diameter  as  the 
bore.  The  threads  of  small  dimensions  have  a  very  short  pitch.  Their 
section  is  a  rectangular  isosceles  triangle,  the  top  of  which  is  flattened. 
The  cylindrical  powder-chamber,  with  a  diameter  nearly  the  same  aB  that 
of  the  bore,  is  connected  with  the  latter  by  a  truncated  surface  of  short 

.  *  It  is  Dot  intended  to  advocate  in  these  general  remarks  the  test  of  any  plan  in 
which  the  feature  of  separation  of  straius  is  subordinate  or  incidental  to  the  plan  for 
opening  and  closing  the  breech,  but  only  to  constructions  which  are  solidly  built  up 
and  to  remain  so;  or,  rather,  are  not  susceptible  of  having  or  intended  to  have  solidity 
■broken  to  accommodate  the  mode  selected  for  breach-loading. 

t  A  marine  model,  27<^,  cast  iron,  lined  and  fretted,  finds  place  in  the  army  ordnance 
table. 
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length  where  the  grooves  commeuee  and  against  which  the  projectile 
abuts  when  seated  home. 

The  ordinary  screw  fermeture,  but  with  the  de  Bange  gas-check,  is 
used. 

The  24*^™  gun,  model  187(3,  Plate  XXIX,  is  a  cast-iron  gun  similar  in 
construction  to  the  model  of  1870  (naval  pattern*)  for  the  body  of  the 
gun,  the  fermeture  differing,  however,  in  the  substituting  of  the  de 
Bange  ga«-check,  which  is  universally  used,  as  before  stated,  in  the 
land  service  of  France.  There  are  no  novelties  to  point  out  in  this  con- 
struction other  than  those  stated.  The  charges  are  84  pounds  of  powder 
and  336  pounds  weight  of  projectile  for  the  24^"*  steel  5  and  62  pounds  and 
265  pounds  for  the  2A^^  cast-iron  and  steel  constructions.  The  former 
gives  (it  is  reported  from  official  sources)  a  velocity  of  1,598  feet,t  and 
a  resulting  muzzle-energy  of  6,000  foot-tons. 

THE   DE  BANGB  FERMETURE. 

A  general  description  is  only  intended  to  be  given  of  Colonel  de 
Bange's  mode  of  checking  the  escape  of  gas.  Its  general  features  are 
shown  on  Plate  XXX,  Fig.  1.  It  recommends  itself  prominently  by 
effectiveness,  its  extreme  simplicity,  and  its  not  requiring  the  surface 
of  the  bore  to  be  recessed.  Its  success  has  warranted  its  adoption  in 
the  land  service  of  France,  and  it  is  applied  to  all  calibers. 

The  gas-check  is  composed  of  a  fillet  or  collar  made  of  a  linen-cloth 
disk  with  a  proper-sized  circular  hole,  central  with  the  circumference, 
set  up  into  the  form  of  a  collar  (see  Plate  XXX)  to  receive  it«  filling. 
This  latter  consists  of  a  mixture  of  two-thirds<of  shredded  asbestos  and 
one-third  of  mutton  suet,  packed  into  the  collar,  which  is  then  closed 
and  completed  by  a  seam  formed  on  the  inside  surface  of  the  body. 
Any  seams  outside  would  be  fatal  to  the  construction.  Considerable 
ingenuity  has  to  be  exercised  in  so  forming  the  linen  disk ;  and  the  pres- 
ent arrangement  has  been  the  result  of  considerable  experiment  before 
successful  results  were  secured. 

Two  zinc  or  sheet-brass  collars  cover  at  top  and  bottom  this  collar  (a 
a),  and  it  is  placed,  in  addition  with  two  copper  rings  {d  d),  between 
the  rondelle  {h  h)  and  the  face  of  the  fermeture,  a  tail  or  rod  [e)  to  the 
rondelle  passing  through  the  fermeture  and  being  keyed  to  keep  the 
system  in  position  in  the  block.  The  vent,  lined  with  copper,  finds 
place  in  the  axis  of  the  breech-block,  thus  affording  central-fire.j: 

It  may  be  of  interest  to  allude  now,  while  on  the  subject  of  French 
army  ordnance,  to  some  views  held  in  France  regarding  chambering, 
and  which,  I  presume,  have  had  their  weight  in  causing  this  feature  to 
be  practically  dispensed  with  in  the  present  land  constructions. 

I  am  informed  as  follows : 

The  maximum  pressure  in  the  bore  (supposing  the  powder  to  be  progressive  euough 
to  render  the  local  pressures  arising  from  wave  action  noticeable),  corresponds,  about 
to  the  position  of  the  projectile,  where  it  has  moved  one  and  a  half  calibers  in  the 
bore.  Supposing  the  sketch  to  represent  a  chamber  of  the  description  referred  to,  it  is 
easy  to  see  that  the  transverse  strain  on  the  fiber  A  B  B',  will  vary  very  rapidly  between 
B  and  c ;  this  effect  J;aking  place  also  on  the  other  fibers  of  the  metal,  tends  to  break 
them.  In  using  Lanie's  formulas,  both  for  guns  either  of  a  single  block  or  built  up, 
it  is  easy  to  see  the  shearing  efiect  which  this  has  a  tendency  to  produce,  especially 
if  the  longitudinal  strain  of  the  discharge  is  taken  by  the  internal  tube  as  in  the 
French  guns.  # 

*  Cannon  up  to  29<^™,  naval  pattern,  are  also  used  in  the  French  land  service. 

f  8ee  Gadaud. 

tFor  additional  remarks  on  this  check,  see  page  255. 
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let.  In  this  case,  the  tnbe  bo  dispoBed,  is  in  exeeVtnt  condition  to  give  way  if  the  enlarge- 
ment of  the  chamber  is  gpreat.  Adding  to  this  the  effect  of  the  vibrations  which  are 
broken  between  B  and  c,  it  seems  that  any  excessive  enlargement  of  the  chamber 
shonld  be  avoided. 

2d.  The  rush  of  gas  along  the  shonlder  B  c, 
^  ^  produces  erosive  and  destructive  effects  of  a 
Za      Dad  character  on  this  part  of  the  gun,  when- 
ever the  core  B  c  is  greatly  pronounced,  whicli 

'^         P  ""  *"^  is  easily  accounted  for  if  the  dynamic  action  of 

w  the  gas  is  taken  in  consideration. 
^^fi^^^^^^^^^  If  the  powder  is  also  burning,  and  part  of  it  is 

^l^j^^^^jfj^fj^iiSrff'"""'*^      projected  forward  as  the  projectile  just  begins 

to  move  (which  can  happen  especially  if  the 
ignition  comes  from  the  rear),  the  hard  burning  cake  forced  through  the  narrow  pass 
B  c,  spoils  the  bore  at  this  part  and  roughs  it  promptly.  This  occasions  much  fouling 
and  difficulties  in  loading,  besides  the  wear  and  tear  of  the  gun.  Barrels  made  of 
soft,  or  wrought  iron,  are  more  exposed  to  these  effects  than  those  made  of  tough 
material.  Or  course  the  chamber  must  always  be  larger  than  the  bore  at  the  bottom 
of  the  rifling ;  but  it  is  better  to  reduce  this  enlargement  as  much  as  possible. 

Eegarding  the  tendencies  of  the  developments  in  France,  in  artillery, 
I  am  further  informed — 

Ist.  To  make  entirely  distinct  parts  of  the  gun  bear  the  longitudinal  and  transver- 
sal strains. 

2d.  To  study  powders  appropriate  to  each  nature  of  gun,  and  allowing  to  bring  np 
the  density  of  the  charge  to  nearly  1  (that  is  flrinij^  with  full  chaml^rs),  without 
excess  of  pressure.  Of  course,  this  part  of  the  question  is  not  entirely  solved  yet  for 
the  different  guns;  but  the  present  experience  gives  us  a  right  to  hope  that  this  result 
will  be  promptly  attainable. 

3d.  The  bringing  up  of  the  velocity  to  550  meters  and  over,  and  of  the  weight  of 
the  projectile  to  3|  to  4  times  that  of  the  spherical  solid  shot. 

In  reference  to  the  cost  of  the  different  constructions,  I  append  here- 
with* in  a  footnote,  some  recent  information  on  this  point,  kindly  fur- 
nished by  the  Messrs.  B.  B.  Hotchkiss  &  Co.,  of  Paris. 

The  "  Modele  de  Bange,"  24*'™,  it  will  be  seen  on  an  inspection  of  Plate 
XXVIII,  is  a  well-proportioned  gnn  of  extreme  simplicity  in  design ; 
the  only  part  of  any  moment  in  a  constructive  point  of  view  being  the 
body.  The  weight  of  the  entire  gun  is  only  13.75  tons.  The  frettes, 
trunnion-bands,  and  other  parts  outside  of  the  core,  weigh  7  tons.  All 
these  parts  are  small  in  size,  hence  readily  handled,  and  the  rongk- 
tumed  steel  forgings  from  steel  works  being  obtained,  the  only  promi- 
nent part  as  before  stated  being  the  body.  The  assembling  and  finish- 
ing of  the  gun  is  simple  work,  and  within  the  capacity  of  ordinary 
machinery  and  appliances. 

The  only  question  is  if  it  has  sufficient  longitudinal  (breech)  strength. 
However  this  may  be,  it  is  a  construction  well  worthy  of  consideration. 

The  following  table  gives  the  charge,  &c.,  of  the  more  important 
guns  of  the  French  service,  and  shows  their  relative  energies  per  ton 
of  metal: 


Caliber. 


42  centimeters 
37  centimeters 
34  centimeters 
27  centimeters 
84  centimeters 
24  centimeters 


Cliarge. 
Lbt. 

( 
I 

Prqjectile. 

1 

1 

Initial  ve- 
locity. 

Mnsxle  en- 
ergy. 

Energy 
per  ton 
of  metal. 

• 

Kind. 

Lbs. 

Fett. 

Foot-tons. 

617.3 

1.726 

1,738 

36.628 

485.8 

} 

'          545.6 

1.177 

1,  955 

31.180 

415.7 

>  Xavy, 

462. 

924 

1,955 

24,482 

415. 

S 

237.6 

464 

1,955 

«    12.294 

396.6 

Kavy. 

440. 

93A 

1.950 

24.647 

493. 

SohalU. 

84. 

336 

1 

1.600 

6.033 

430. 

Army  steel. 

"*  Krupp,  51  to  60  cents  per  poand;  Whitworth,  38  cents  per  ponud;  Woolwich, 
3(H  cents  per  ponnd;  and  48  cents  per  pound  for  24^™  steel  land-service  ordnance  of 
France. 
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It  will  be  seen  that  the  views  of  the  FrcDch  engineers  on  construction 
are  about  the  same  as  those  now  existing  amongst  English  construct- 
ors, and  that  they  are  striving  to  reach  results  in  power  combined  with 
lightness,  which  are  gradually  rendering  imperative  the  ultimate  dis- 
carding in  toto  of  cast  iron  in  their  models. 

A  brief  summary  may  here  be  added  in  closing  this  report  on  French 
heavy  ordnance. 

1st.  A  long  and  patient  test  of,  and  an  experience  (in  breech-loading 
systems)  with  steel-fretted  cast  iron  has  resulted  in  failure  and  aban- 
donment. 

2d.  The  adoption  of  the  model  of  1870,  cast-iron  hooped  and  tubed,  has 
given  good  results,  warranting  the  introduction  of  this  type  in  service. 

3d.  That  with  the  development  of  the  steel  interests  of  France,  the 
French  authorities  are  not  satisfied  with  cast  iron  entering  into  their 
constructions,  and  are  resorting  to  steel  entirely,  and  that  they  contem- 
plate the  disuse  of  the  former. 

4th.  That  wire  guns  are  being  persistently  experimented  with,  and  are 
looked  to  as  promising  to  be  introduced  as  the  guns  of  the  future. 

5th.  That  constructions  looking  to  the  "  division  of  strains  "  are  regarded 
as  the  probable  solutions  of  the  dangers  arising  from  the  combination 
at  the  breech  of  the  longitudinal  (breech)  and  tangential  (breech) 
stresses ;  and  that  the  Schultz  plan  is  preferred. 

6th.  That  a  new,  simple,  and  an  apparently  effective  fermeture,  other 
than  the  Broad  well,  has  been  tested  with  success,  approved  and  adopted 
at  least  in  the  land  service  of  France.  This  fermeture  is  known  as  the 
de  Bange, 

7th.  The  undoubted  tendency  in  France,  and;  as  before  mentioned,  in 
England  and  in  other  countries,  is  to  resort  to  steel  constructions  for  ord- 
nance. This  leaves  me  to  remark  that  the  use  of  this  metal  in  some  form 
or  other — as  developments  in  production  in  our  country  may  decide — 
is  a  foregone  conclusion ;  and  that  some  plan  looking  to  its  speedy,  prac- 
tical  introduction  in  our  fabrications  cannot  too  soon  be  inaugurated; 
and  as  a  sequence  to  this  view,  I  cannot  too  strongly  suggest  to  the  de- 
partment the  consideration  of  the  question  whether  it  would  not  be 
sound  policy  for  it  to  institute  at  once,  through  its  own  resources,  a 
thorough  inquiry  into  the  present  condition  of  our  steel  manufactures, 
ascertain  their  wants  in  plant,  and  other  facilities  for  the  attainment  of 
the  production  of  a  proper  grade  of  this  material  for  reliable  gun  construc- 
tions ;  all  with  a  view  of  presenting  to  the  governing  and  proper  author- 
ities the  plain  necessities  which  surround  the  case,  and  which  must  be 
met  to  enable  us  to  develop  the  proper  material  for  ordnance,  and  to  cope 
in  this  respect  with  the  modem  armaments  of  modern  civilization. 

It  is  useless  to  attempt  to  engage  capital  for  these  developments,  un^ 
less  some  guarantee  for  at  least  return  of  outlays  on  the  part  of  manu- 
facturers are  reasonably  assured;  and  if  no  systematized  efforts  on  the 
part  of  the  government  looking  to  inaugurating  a  prudent  and  gradual 
development  of  manufactures  in  this  direction,  and  under  government 
patronage,  are  set  on  foot,  we  will  remain,  regarding  the  question  of  ord- 
nance, as  we  are  now,  tied  mostly  to  the  present  resources  of  the  United 
States,  and  likely  to  remain  so  for  years  to  come. 

The  limits  imposed  by  too  great  a  deference  to  the  idea  of  restricting 
our  efforts  in  ordnance  advancements  to  our  own  immediate  resources 
especially  in  our  experiments  is  disastrous,  if  not  fatal,  to  any  rapid 
progress. 

In  the  past,  our  experience  has  been  that  we  have  been  more  or  less 
crippled  by  our  field  (experimental)  for  developments  being  narrowed 
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by  too  close  an  adbereuee  to  this  principle.  Partly  uuiler  this  iuflneuce 
we  will  in  all  likelihood  start  with  a  system  of  cast  iron  strength- 
ened with  steel  inside  and  out,  a  system  now  abandoned  or  doomed  to 
abandonment  in  the  near  future,  even  by  the  few  prominent  nations 
who  have  heretofore  depended  upon  its  use. 

That  necessity  in  a  great  measure  will  now  drive  us  to  this  cannot  be 
gainsaid,  but  the  '' present  resources  of  our  country''''  should  not  bind  as  to 
the  perpetuation  of  an  inferior  system,  nor  one  day  longer  than  the 
development  of  steel  models  and  steel  products  will  release  us.  The  use 
of  steel  parts  from  abroad  for  experimental  models,  and  it  may  be  for 
some  guns,  will  be  a  necessity  for  the  present  if  rapid  advancement  is 
desired,  and  it  would  be  useless  to  expect  a  prompt  introduction  of  con- 
structions now  beyond  our  own  means  of  fabrication  if  we  do  not  avail 
ourselves  (at  least  for  experimental  guns)  of  the  present  products  of 
more  advanced  nations  in  steel  manufacture,  and  also  of  their  more  ad- 
vanced experience. 

Only  by  some  practical  plan  for  the  development  of  our  own  steel  in- 
terests can  we  escape  the  condition  of  being  a  rich  and  powerful  nation 
with  our  best  armament  of  a  secondary  character,  and  one  based  on  the 
use  of  a  metal  thoroughly  tested  by  other  countries,  and  which  tests 
have  led  to  its  abandonment  for  the  purposes  of  their  superior  construc- 
tions. 

These  remarks  are,  of  course,  only  applicable  to  ordnance  of  the  most 
formidable  character,  and  not  to  guns  for  secondary  uses  where,  low 
power  only  being  required,  cast  iron  may  play  a  part  in  their  fabrica- 
tion. 

From  this  report  on  French  heavy  ordnance  it  may  be  germane  to 
state  here,  that,  from  the  fair  standing  of  the  model  of  1870,  we  can  rea- 
sonably hope  to  secure  a  judicious  solution  of  the  problem  of  how  to 
model  the  plans  for  the  four  12  inch  rifles  now  under  contract  for  the 
service  of  the  United  States  by  a  consideration  of  the  French  construc- 
tion. 

One  of  the^e  guns  would  aflPord  an  experimental  one,  if  any  after  the 
French  model  should  be  required  under  the  action  of  the  Board  oa 
Heavy  Ordnance  and  Projectiles  convened  under  act  of  Congress  ap- 
proved March  3,  1881. 
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Appendix    20. 

REPORTS  ON  THE  INSPECTION  OF  PROJECTILES. 

BY  LIHUT.   HENRY  D.   BORUP,   ORDNANCE  DEPART  VIE  NT. 

The  South  Boston  Foundry, 

Boston^  July  29, 1882. 

Sir:  I  have  the  honor  to  transmit  herewith  the  inspection  report  and 
certificate  of  inspection,  together  with  a  table  showing  number  cast 
daily,  and  the  tenacity,  density,  &c.,  of  threr  hundred  4.2  inch  Butler 
solid  shot,  ordered  under  date  of  June  5, 1882.  As  nothing  of  any  par- 
ticular interest  occurred  during  the  fabrication,  I  have  not  written  any 
supplementary  report. 

Very  respectfully,  your  obedient  servant, 

HENRY  D.  BORUP, 
Lieutenant  of  Ordnance^  Inspector. 
The  Chief  of  Ordnance, 

Washington^  D.  0. 

Inspection  Service,  United  States  Ordnance  Department. 

CLAfts  4. —PROJECTILES  FOR  4".2.INCH  IL  L.  RIFLED  GUNS. 

Inspection  report  of  4.2-jncA  ogival-headed  Butler  shot  mcLde  for  the  United  States  Ordnance 
Department  by  the  South  Boston  Iron  Company y  at  South  Boston  foundry ^  under  order  of 
Brig.  Gen.  S.  V.  BenSt,  dated  June  5,  1882. 


[The  time  was  extended  thirty  days,  June  30,  1882] 


Subject  of  measnrement. 


Projectile : 

Length  of  cylindrical  portion  of  body 

Length  of  bead 

Length  of  bane  for  sabot 

Tot^  length  of  projectile A 

Diameter  of  cylindrical  portion 

Diameter  of  base  over  threads 

Badius  of  head 

Sabot : 

Height  of  Aa1)ot 

Exterior  diameter  of  nabot 

Interior  diameter  of  sabot 

Maximam  thickness  of  outer  lip 

Minimum  thickness  of  outer  lip 

Depth  of  cannelure - 

Maximum  width 

Weight  of  sabot  and  projectile pounds. 


rf 


11 


11" 

4".75 
I'MO 
11" 
4".16 
2".95 
6".40 

I'MO 

4'M6 

2".95 

".15 

".15 

0".6 

".22 

L30 


o  «s 


+2  per  cent. 
—2  per  cent. 
±0".05 

1  per  cent. 
±0".0l 

"±(K'".6i 

±0".01 
±0".01 
±0".01 
±0".0l 
±0".0l 
±0".01 
±0".01 
±.015 


Kumber  of  4.2-inch  Butler  solid  shot  ex- 
amined  

Knmber  rejected  for  erroneous  dimensions 
of  head 

Kumber  rejecte*i  for  defects  in  material 
or  finish 

Total  number  rejected 

Total  number  accepted 

"Weight  of  heaviest  ones  accepted . . .  lbs . . 

Weight  of  lightest  one  accepted do. . 

Weight  of  total  number  accepted do. . 

Mean  weight  of  projectile do. . 


318 


16 
18 
300 
28A 
28  ,\, 
8,549 
28i''6 


Number  of  sal>ot«  examined 335 

Number  of  sabots  rejected  for  erroneous 

dimensions 9 

Number  of  sabots  rejected  for  defects  in 

material  or  finish 26 

Total  number  of  sabots  rejected 35 

Number  of  sabots  accepted 800 

Weight  of  total  number  accepted  . .  .lbs. .  567 

Mean  weight  of  sabot do  ...  1(| 

Weight  of  total  number  of  shot  and  sabots 

accepted lbs..  9,116 
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Physical  properties. 

Actual  mean  density ponnds..  7.1813 

Tenacity : 

Prescribed do....  23,0«0 

Actual  mf<an do 26,877 

Allowed  Yariations per  cent..         — 3 

KmMAKKS. — The  Quartermaster's  Department  have  been  requested  to  transport  the  projectiles  to 
M%j.  Clifton  Comly,  West  Point,  N.  Y. 

I  certify  that  I  have  carefully  inspected  the  above-noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  allowed;  and,  further,  that  the  terms  of  the  order  as  to 
material  and  workmanship  have  bten  complied  with  in  their  manufacture. 

HENRT  D.   BORUP, 
Lieutenant  of  Ordnance,  Intpeetor, 
Date  of  inspection,  July  29,  1882. 


Date. 
1882. 


July 


June   15 


20 
21 
22 
23 
24 
2Q 
27 
28 
29 
30 
1 
5 
6 
7 
8 
10 
11 
12 
13 
14 
19 
21 
24 
25 
26 
27 
28 


be  I 


o 


Kiud  of  k-on. 


es 


a 
a 
o 

S 

< 


'ml 

• 

a 

.^4 

>4 

:  a 

'■•H 

-^ 

9 

0 

« 

•« 

'i 

•*. 

a 

c 

3 

^ 

2 
3 

4 
6 
6 

7  I 

8  I 

9  ! 
10  ; 
11 

12 
13 
14 
15 
16 


6  \ 

6  < 

6  , 
6 

11  I 
10 

12 

12 

12  I 
12 
12 

n 

12 
12 
12 


No.  1  Chatham 3,250     Reverberatorv..    27,640       7.1426 

No.  2  Chatham 3, 950  I *... I 

No.  3Chathara 4,100    

Remelted  3,700    

Same ; ; . . .  do 


...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 


do 

do 

.do 


25.988 
29,522 
34,167 
27,825 


...do ; ! do 

...do ' do 


do 24,058 

do i  28,579 

do 34,052 

do ,  24,526 

do I  27.501 

do 26,837 

do I  24,276 

do I  22.478 

22,657 


17 

12 

18 

12 

19 

12 

20 

12 

21 

20 

22 

20 

23 

33 

24 

21 

26 

31 

26 

31 

27 

40 

28 

23 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

. .  -do , 

...do 

...do 


do 

.do 

do 

do 

.do 

do 

do 

.do 


23, 181 
26, 035 
22,739 
27,872 
31,309 
29. 711 
22, 647 
25,684 
25,  321 
28,103 
26, 659 
26,301 
28,341 
28,  552 


7.1592 
7.2187 
7.2856 
7.2092 
7.118f 
7.1601 
7.1336 
7.1504 
7.1730 
7.2120 
7.2233 
7.2298 
7.1926 
7. 1610 
7.18M 
7.2484 
7.1984 
7. 2117 
7.1794 
7.1523 
7^1350 
7.1820 
7. 1610 
7,1920 
7.2060 
7.1436 
7.1782 


Rbm ARKS — From  numbers  1  to  20,  inclusive,  these  and  the  8-inch  projectiles  recently  fabricated  were 
cast  from  the  same  heat ;  the  amount  of  iron,  therefore,  shows  the  proportions  only.  After  number 
90  Uie  casting  of  the  8-inch  projectiles  was  discontinued.  The  same  proportions  were  used  as  before, 
bnt  the  amount  depended  on  other  work  being  done  in  the  foundry  at  the  same  time. 

West  Point  Foundry, 
CoU  Spring,  N.  ¥.,  August  2, 1882. 

General:  I  hav^e  the  honor  to  transmit  the  inspection  report  for 
1,000  8-inch  Butler  projectiles,  delivered  at  this  foundry  under  a  con- 
ti*act  with  the  South  Boston  Foundry,  dated  April  7, 1882. 

Accompanying  it  is  a  tabular  statement  of  various  incidental  facts 
connected  with  the  fabrication. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

0.  W.  WHIPPLE. 

Lieutenant  of  Ordnance. 

The  Chief  of  Obdnance,  U.  S.  A., 

Washington,  D.  C. 
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Inspection  Servicb,  United  States  Ordnance  Department. 

Cla««  4.— projectiles  FOR  8-INCH  M.  L.  RIFLED  GUNS. 

Inspection  report  ofS-iuch  ogiral-headcd  Butlerproiectilesfor  M,  L.  riflts,  made  for  the  United 
StaUif  Ordnance  Department  bif  Paulding^  Kemoletlt  Co.^  at  the  West  Point  Foundry  under 
contract  with  South  Boston  Iron  Company  of  the  Chief  of  Ordnance  dated  Jpril  7,  1882. 


Subject  of  measuremeot. 


Pnyeotile : 

Length  of  cylindrical  portion  of  body 

Length  of  head 

Length  of  b&se  for  nabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion 

Diamet-er  of  base  over  thre-ads 

Radius  of  head    

ThickueAS  of  bottom 

Length  of  interior  cavity 

Eccentricity  of  axis  of  Interior  cavity 

Diameter  ot  fuze  (or  sere w-pla  g)  hole 

Pitch  of  thread  on  fuze  (or  screw-plug)  hole  . . . 

LeuKth  of  thread  on  fuze  (or  screw-plug)  hole. 

Diameter  of  hole  for  shell-hooka 

Depth  of  hole  for  shell-hooks,  cylindrical  part. 

Distance  from  base  of  projectile 

Weight  of  projectile 

Sabot: 

Height  of  sabot 

Exterior  diameter  of  sabot 

Interior  diameter  of  sabot 

Maximum  thickness  of  outer  lip 

Minimum  thickness  of  outer  lip  

Depth  of  cannelure 

Maximum  width 

"Weight  of  sabot 

Weight  of  sabot  and  projectile 


Prescribed  di- 

Allowed  varia- 

mensiona. 

tions. 

Inches. 

10.2 

+  2  per  cent. 

9.0 

—  2  per  cent. 

L70 

±  .  05  inch. 

19.  bO 

1  per  cent. 

7.95 

^  .  01  inch. 

6.0 

±  .  01  inch. 

12.0 

±  .  01  inch. 

2.26 

a:  0. 1  inch. 

10.25 

±  0. 1  inch. 

0. 1  inch. 

"i.50 

±  .01  inch. 

8  to  inch. 

0.5 

0.5 

10.1 


±  .  01  inch. 
±  .  05  inch. 
±  .  02  inch. 


1.70 
7.95 
5.76 
0.45 
0.23 
0.80 
0.30 


180  pounds. 


±  .01  ioch. 


±  2. 7  pounds. 


Number  of  8-inch  Butler  projectilea  examined 
Number  rejected  for  erroneous  dimenaions 

of  head * 

Number  rejected  for  erroneous  dimensions 

of  cjlindric  body  or  base 

Number  rejected  for  erroneous  dimensions 

of  interior  cavity 

And  defects  at  head  of  cavity  ("draw") 

Number  rejected  for  eccentricity  of  interior 

cavity ! 

Number  rejei'ted  for  defects  in  material  or 

finish 

Number  rejected  for  inferior  tenacity 

Total  number  rejected 

Total  number  accepted  

Weight  of  heaviest  one  (with  sabot)  accepted. 


1,284 


8 

33 
37 

51 

91 
(S3 

284 
1,000 

183 


179 


Weight  of  lightest  one  (with  sabot)  ac- 
cepted   

Weight  (with  sabot)  of  total  number 

accepted .pounds..  181,400 

Mean  weight  of  projectile  181.4 

Number  of  sabots  examined 1,009 

Number  of  sabots  rejected  for  errone- 

neous  dimensions 1 

Number  of  sabots  rejected  for  defects 

in  material  or  finish 8 

Total  number  of  sabots  rejected 9 

Number  of  sabots  accepted 1/0^ 

Weight  of  total  number  accepted. lbs.      9,  50d 
Mean  weight  of  sabot do.  9.5 


Physical  properties. 

[See  acoompanyiug  tabular  statement.] 
Tenacity :         -^ 

Prescribed pounds.. 

Allowed  variations percent.. 


25,000 
—3 


Rbmarks. — The  acalee  used  here  for  weighing  shot  are  not  sensitive,  and  the  shot  were  stamped  to 
the  seareat  half-pound.  600  shipped  to  Fort  MuDroe  Arsenal ;  20  (no  shell  hook  holes  )  to  Sandy  Hook 
proving  ground :  480  transportation  requested  to  New  York  Arsenal. 

I  cer^ty  that  I  have  carefully  inspected  the  above-noted  pnu^o tiles,  and  that  they  conform  to  the  di- 
mensions prescribed  within  the  variations  allowed :  and,  further,  that  the  terms  of  the  contract  as  to  ma- 
terial and  workmanship  have  beeu  complied  wi^  in  their  maniifaoture. 

C.  W.  WHIPPLE, 
Lisutsnant  of  Ordnance,  Inspector. 
Date  of  inspection,  July  14,  1882. 
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266       bepobt  of  the  chief  of  ordnance. 

South  Boston  Foundry, 

Boston^  Mass.j  August  7,  1882. 

Sir:  In  connectioii  with  the  inspection  report  on  the  8-ineh  Butler 
oored  shot  fabricated  at  this  foundry,  under  contract  of  April  7,  1882, 
it  may  be  i)ertinent  to  submit  a  brief  statement  of  such  matters  that 
cannot  well  be  embodied  in  the  aforesaid  report. 

From  the  outset  the  company  met  with  great  difficulties,  which  they 
attribute  in  great  part  to  the  nature  of  the  iron  tbat  had  to  be  used  on 
account  of  the  tenacity  required.  Though  this  may  be  true  to  some 
extent,  the  cause,  I  think,  should  be  sought  elsewhere.  It  will  be  seen 
by  the  accompanying  table  that  very  little  change  was  made  in  the 
kind  and  proportions  of  iron  adopted.  By  a  trial  of  others  the  com- 
pany could  readily  have  determined  which  was  the  best,  and  whether 
or  not  the  trouble  lay  with  the  iron,  as  they  supposed. 

Until  June  8,  the  projectiles  were  cast  point  down,  the  total  being 
about  1,100,  of  which  nearly  500  were  finished,  the  others  being  obvi- 
ously defective.  Of  those  that  I  inspected,  about  175  passed,  but  some 
of  them  were  subsequently  rejected  for  excessive  weight.  The  princi- 
pal causes  for  rejections  were  defective  material,  particularly  in  the 
base;  shortness,  and  too  great  length  of  cylinder.  The  company  tried 
to  remedy  the  first  by  increasiug  the  length  of  the  risers,  but  this  was 
not  carried  far  enough.  A  gocMi  plau,  I  think,  would  have  been  to  in- 
crease the  length  of  the  base  for  sabot,  and  afterwards  cuttiug  it  oflf  so 
as  to  bring  the  projectile  witliin  the  proper  length;  and,  as  blow-holes 
usually  occur  under  the  riser,  if  one  had  been  used  instead  of  two,  the 
loss  on  this  account  would  have  been  less. 

The  cause  of  the  cylinder  being  too  long,  I  think,  was  with  the  mold- 
ers'  insufficient  ramming.  The  diameter  of  the  cylinder  of  the  unfin- 
ished shot  is  greater  than  that  of  the  base  of  the  head,  so  that  a  ring 
of  melal  bears  directly  on  the  sand,  which,  if  not  tightly  rammed,  will 
undergo  compression,  allowing  the  metal  to  flow  towards  the  head.  If 
this  is  the  case,  the  larger  risers  tried  would  probably  increase  this  de- 
fect, so  that,  if  it  saved  shot  from  being  thrown  out  for  defective  mate- 
rial, it  caused  their  rejection  at  another  place. 

The  shrinkage  made  the  point  present  a  blunt  appearance  and  caused 
a  great  number  to  be  condemned  for  shortness.  This  can  be  overcome 
by  making  the  pattern  so  that  the  projectile  on  coming  from  the  flask 
will  have  on  the  end  of  the  point  a  small  cylinder,  say  IJ  inches  in  di- 
ameter and  two  inches  long,  which,  after  turning,  will  leave  the  head 
within  the  prescribed  limits.  *  This  is  the  method  pursued  at  the  West 
Point  Foundry. 

After  this  date,  in  the  hope  of  eflfecting  an  improvement,  the  pro- 
jectiles were  cast  point  up,  with  one  riser  in  the  prolongation  of  the 
axis.  The  pattern  was  made  long  enough  so  that  by  removing  metal 
from  the  base  an^d  turning  down  the  riser,  the  shot  was  brought  within 
the  proper  limits  as  to  length.  It  may  be  noticed  that  if  the  flask  be 
reversed  and  the  one  riser  shifted  to  the  base,  and  diminishing  of  course 
the  size  of  the  opening  where  it  was,  that  the  result  will  be  identical 
with  what  I  have  recommended  for  casting  point  down. 

While  fewer  rejections  occurred  for  defective  material,  some  of  the 
projectiles  were  not  wholly  satisfactory,  as  the  mass  in  the  head  was 
not  always  symmetrically  disposed  about  the  axis.  This  may  be  due  to 
faults  in  one  of  the  patterns,  to  the  molders,  or  to  the  fact  that  the 
turning  is  done  in  two  different  lathes,  with  a  liability  to  imperfect 
centering. 
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In  this  method  tbe  test-specimens  were  taken  from  the  bead,  parallel 
to  and  a  short  distance  from  the  axis.  In  some  of  the  cavities  I  noticed 
seams  in  the  a^cis  of  the  shot,  and  as  the  wire,  by  which  the  length  of 
the  interior  cavity  of  the  projectiles  is  determined,  was  of  rather  large 
cross-sectioD,  I  procured  one  with  a  long  tapering  point,  which  I  ire- 
quently  inserted  an  inch  or  two  beyond  the  end  of  the  core,  and  some- 
times as  much  as  four;  the  number  rejected  for  this  defect  being  35  as 
against  11  when  the  casting  was  point  down. 

The  rapid  cooling  and  method  of  casting  seems  to  cause  a  tendency 
to  open  in  the  prolongation  of  the  core  the  exterior  layers  '*set"  first, 
and  at  the  same  time. there  may  be  a  force  exerted  from  the  direction  of 
the  walls.  When  the  casting  is  with  the  head  down,  of  course  the 
greater  volume  above  it  will  cause  the  head  to  be  sounder.  No  attempt 
is  made  to  "churn"  the  metal  after  pouring,  nor  is  the  shrinkage  in  the 
nser  fed  by  any  hot  metal.  There  is  also  room  for  improvement  in  the 
way  the  iron  is  transferred  from  the  furnace  to  the  flasks,  which  I  think 
are  too  far  apart.  Too  much  time  is  consumed,  and  the  metal  is  fre- 
quently poured  in  a  rather  stiflf  condition.  The  large  ladle  used  should 
run  on  a  truck  placed  on  rails,  or  else  a  few  small  ones  that  two  men 
can  easily  handle  should  be  employed.  Dry  sand  would  give  better  re- 
sults, I  think.  The  rate  of  cooling  would  be  diminished  and  there  would 
be  no  scale  to  be  knocked  off. 

Just  before  the  plan  of  casting  was  changed,  I  asked  and  obtained 
permission  to  have  the  limit  of  weight  increased  to  185  pounds,  as  it 
seemed  as  if  the  larger  proportion  would  be  in  excess  of  that  allowed, 
but  afterwards  noticing  that  those  of  correct  dimensions  weighed  the 
proper  amount  I  did  not  acceptany  that  weighed  more  than  the  amount 
allowed.  Some  of  these  were  afterwards  turned  down  to  the  required 
size,  when  the  scales  showed  little  or  no  variation  from  180  pounds,  and 
Ihey  were  consequently  accepted.  The  number  of  these  is  83.  While 
the  conclusion  I  have  expressed  maj^  be  wrong,  as  my  experience  has 
been  very  limited,  I  think  I  am  safe  in  saying  that  if  greater  care  had 
been  taken  in  the  various  steps  of  manufacture  but  few  lirojectiles 
would  have  been  rejected,  and  those  accepted  would  have  been  more 
satisfactory,  and  that  the  limits  allowed,  including  that  for  weight,  are 
ample,  even  for  iron  of  this  high  tenacity. 

The  company  are  anxious  that  the  projectiles  manufactured  by  them 
should  be  excelled  by  no  other  foundry,  and  claim  that  they  worked 
under  disadvantages  now  removed. 

Very  respectfully,  your  obedient  servant, 

HENRY  D.  BORUP, 
Lieutenant  of  Ordnance. 

6HIEF  OF  Ordnance,  U.  S.  A., 

Washington^  D.  C. 


A  PPENDIX     2  1 


PRESENT  METHOD  OF  TARGET  PRACTICE  AT  THE  FRANKFORD  ARSENAL. 

BY   UEIT.    MARCUb   W.    LYON,   ORDNANCK    DEPARTMENT. 

To  test  the  accuracy  of  the  daily  manufacture  of  this  arsenal,  two 
targets  of  10  shots  each  are  fired  at  the  600-yard  range. 

The  rifle  or  carbine  (depending  upon  the  ammunition  to  be  tested)  is 
securely  held  in  the  fixed  rest,  and  after  two  preliniinary  shots  have 
been  fired  to  determine  the  point  to  be  aimed  at  and  to  seat  the  piece, 
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no  further  adjustment  of  the  arm  takes  place  for  that  one  target,  no 
allowance  being  made  for  any  drift. 

The  point  aimed  at  is  so  selected  that  the  target  will  catch  all  of  the 
shots  fired.  After  one  target  has  been  obtained,  the  piece  is  removed,, 
cooled  by  pouring  water  down  the  barrel,  cleaned,  dried,  and  oiled. 
The  same  process  being  repeated  for  each  sucxiessive  series  of  shots. 

At  a  distance  of  28  yards  in  front  of  the  muzzle  of  the  piece  is  placed 
an  iron  mask  6  feet  wide  and  5  feet  10  inches  high.  This  has  two  open- 
ings; the  lower  one,  10  by  10  inches,  is  used  when  sighting,  and,  on 
account  of  the  natural  drift  of  the  piece  to  the  right,  is  so  placed  that 
its  right-hand  edge  conceals  about  25  inches  of  the  right-hand  side  of 
the  target,  while  the  left-hand  of  the  opening  reveals  about  as  much 
clear  space  to  the  left  of  the  target.  The  upper  opening,  8  inches  higher 
on  the  same  vertical  line,  is  22  inches  high  by  10  inches  wide.  Any 
ball  that  passes  through  this  opening  should  hit  the  target. 

The  person  firing  is  provided  with  a  common  telescope  to  enable  him 
to  watch  the  operations  at  the  target.  The  target  or  camera  house  is 
placed  50  feet  in  front  of  the  target  and  2  feet  to  the  left  of  the  line  of 
fire,  being  protected  by  an  iron  screen  from  any  stray  shots.  This  house 
is  occupied  by  one  of  the  attendants,  who,  by  means  of  a  camera,  records 
upon  the  target  diagrams,  prepared  for  that  purpose,  the  position  and 
number  of  each  shot;  he  also  keeps  the  person  firing  informed  by  tele- 
phone of  the  results  of  the  firing,  and  displays  danger  signals  when- 
ever necessary.  In  addition  to  this  duty,  at  the  end  of  each  series  ot 
shots  he  obliterates  the  shot-marks  by  means  of  paint. 

When  many  targets  are  to  be  fired,  which  frequently  happens  when 
testing  powder  or  metals  for  cases,  an  additional  attendant  is  employed, 
his  position  being  behind  the  target  where  he  has  an  unobstructed  view 
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of  tbe  river,  and  can  lower  a  black  curtain  8  feet  high  by  15  inches  wide 
in  front  of  the  target  whenever  any  vessel  is  passing. 

The  target  is  made  of  cast  iron, 
15  feet  wide  by  16  feet  high,  being 
composed  of  3  feet  squares  1  inch 
thick,  flanged  and  bolted  together, 
the  whole  being  painted  white,  and 
divided  into  four  equal  portions  by 
a  vertical  and  horizontal  black  line 
4  inches  wide  passing  through  the 
center.  Four  feet  to  the  left  of  the 
•enter  is  placed  the  black  bull's  eye, 
1  footin  diameter.  In  order  to  catch 
any  stray  shots  the  iron  mask  may 
not  stop,  there  is  placed  an  exten- 
sion on  the  top  of  the  target  8  feet 
high,  composed  of  |  inch  wrought- 
iron.  Immediately  in  therear  of  the 
target  is  a  flag  pole,  from  which  a  red  ^ 


flag  is  displaved  during  the  progress  i^ 
ef  the  firing.*^ 
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The  original  method  of  recording  the  shots  on  the  target  (devised 


500  Yards  Target. 


h. 


by  Capt.  William  Prince)* 
was  by  means  of  a  camera 
lens  and  a  mirror  throwing 
an  image  of  the  target,  re- 
duced to  one-twelfth,  on  the 
surface  of  a  table.  This  was 
found  to  give  a  somewhat 
distorted  image  of  the  tar- 
get, and  on  dark  days  much 
trouble  was  experiencetl  on 
account  of  the  lack  of  light ; 
he  therefore  recommended 
the  use  of  an  achromatic 
lens.  This,  under  the  direc- 
tions of  Captains  Metcalfe 
and  Heath,  was  placed  in 
successful  operation,  and 
the  same  image  was  thrown 
(with  but  little  distortion) 
on  a  vertical  background  in 
an  inverted  position.  The 
targets  obtained  by  this  pro- 
cess were,  however,  incor- 
rect, as  they  had  to  be  trans- 
lated by  reading  right  for 
left,  top  for  bottom,  and  vice 
versa.  Major  S.  C.  Lyford 
corrected  this  by  inverting 
and  reversing  the  paper 
*  diagram;  then,  by  pricking 
Hbe  shot-marks  through 
when  the  paper  was  taken 

down  and  placed  in  its  truev isn. -J 

position,  it  showed  a  true  image  of  the  target  reduced  to  one-twelfth  its 
size. 


"Wrovght  iron  extension. 

&-'• 

Cast  iron 

Target. 

« 
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Tbese  diagrams  are  afterwards  plotted  and  made  to  show  the  follow- 
ing results: 

The  original  position  of  each  shot,  by  marking  with  lead- pencil  the 
punctured  holes  made  in  target-house. 

The  point  aimed  at. 

The  center  of  shots;  which  point  is  determined  by  dividing  the  sum 
of  the  co-ordinates  by  the  number  of  shots. 

The  distance  from  center  of  shots  to  the  point  aimed  at. 

The  radius  of  the  circle  of  shots,  obtained  by  dividing  the  sum  of  the 
radii  from  center  of  shots  by  the  number  of  shots. 

This  circle",  together  with  the  line  joining  the  center  of  shots  with  the 
point  aimed  at,  is  always  drawn  on  the  diagrams  so  as  to  readily  ^tMh 
the  eye,  and  their  dimensions  are  placed  in  figures  in  the  column  pre- 
pared for  that  purpose. 

The  origin  of  co-ordinates  is  taken  at  the  lower  left-hand  corner,  but 
in  working  up  the  results  it  is  found  to  facilitate  the  operation  by  tak- 
ing temporarily  as  an  origin  any  convenient  point  on  the  diagram. 
These  measurements  are  made  with  the  opisometer,  an  instrument  fully 
described  by  Captain  Metcalfe  in  Ordnance  Notes^  No.  85. 

These  diagrams  are  all  numbered  and  signed  by  the  i)erson  firing  and 
the  officer  in  charge.  When  five  hundred  of  them  have  been  made, 
they  are  bound  and  filed  away.  In  addition  to  this,  there  is  placed  in 
the  record-book  on  file  in  the  proof-house  all  the  facts  recorded  on  the 
diagrams,  with  the  additional  record  of  the  state  of  the  wet  and  dry 
thermometer  and  the  barometer,  the  velocity  of  the  shots,  aud  relative 
humidity  of  the  atmosphere. 

One  of  Lieut.  D.  J.  Gibbous'  self-registering  anemometers  and  anemo- 
scopes are  used  at  the  proof- house,  and  with  this  we  obtain  and  file 
away  the  sheets  showing  the  force  and  direction  of  the  wind.  In  the 
experimental  book  is  kept  the  record  of  all  tests  outside  of  the  usual 
daily  work.  The  time  occupied  in  making  a  target  is  about  6  miuutess 
to  correctly  jilot  the  same  and  record  the  results  takes  about  10  minute; 
additional. 

Small-arm  cartridge  experimentn. 

Fkankford  Ahsenal,  September  12,  1881. 
Report  nuinl)Cir  140. 
Day  Dumber  2. 

Subject  of  experiment :  Rifle  cartridges  S.  O.,  No.  456. 

Object  of  experiment:  Accuracy. 

The  arm :  Springtield  rifle. 

The  ammunition :  Rifle,  service,  A. 

THE   CIRCUMSTAXCES. 


Dimensions  of  target,  15  by  16  feet. 
Distance  of  target,  5U0  yards. 
Supnort  used,  fixed  rest. 

Angle  of  sight  used 

Shot  since  last  cleaned,  0. 

Preliminary  shots,  2. 

Recorded  shots,  10.  « 

Extraction 

Misses  or  failures,  0. 

i  Weight  of  barrel  after  target,     .     .     .     grains. 

Fouling <  Weight  of  barrel  before  target,     .     .     .     difference. 

(  Weight  of  barrel,  clean,     .     .     .    difl'erence. 
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Velocimeter  used,  .  .  .  initial  velocity. 
PresHure-gauge  used,  .  .  .  pressure. 

Wind      ^  Direction  at  beginning,  .  .  .  ;  at  end,  .  .  .  ;  average,  .  .  .  ;   5  o'clock, 
"  (  Force  at  beginning,  .  .  .  ;  at  end,  .  .  .  ;  average  7  miles  per  hoitr. 

Tliermoraeter  Fah  ^  ^^  ^^  beginning,  .  .  .  ;  at  end,  .  .  .  ;  average  79. 
inermoraeter,  ran^  ^^^^^^^^^jjj^j^g^  .  ^^  ^^^^^      _  .  average  66. 

Atmospheric  moisture,  .  .  .  ;  percentage  of  saturation,  54. 
Barometer  at  beginning,  .  .    .  ;  at  end,  .  .  .  ;  average,  .3(y'.04. 


Appendix  22. 

THE  MANUFACTURE  OF  RUS8ET  LEATHER  AND  ITS  ADAPTABILITY  FOR 

THE  MILITARY  SERVICE. 

BY  CAPT.   D.  A.   LYLE,  ORDNANCE  DEPARTMENT. 

The  question  having  arisen  as  to  the  desirability  of  u^ing  russet  leather 
for  artillery  harness,  the  writer  was  directed  to  examine  into  and  make 
a  report  upon  the  subject.  For  this  purpose  he  selected  two  typical 
fair- leather  tanneries — one  using  hemlock,  and  the  other  oak  bark,  w  hose 
products  were  of  acknowledged  excellence. 

For  hemlock  tannage,  the  tannery  of  The  Cappon  &  Bertsch  Leather 
Company  of  Grand  Rapids,  Mich.,  was  selected.  The  tannery  of  Mr. 
Charles  G.  Smith,  of  Urbana,  Ohio,  was  chosen  to  represent  the  oak 
tannage.    Both  tanneries  make  specialties  of  fair  or  "russet"  leather. 

For  convenience  of  comparison  the  operations,  &c.,  relating  to  the 
two  tannages  are  described  in  parallel  columns,  headed,  respectively, 
<*  Hemlock  ^  and  "  Oak." 

Explanations  applicable  to  both  tannages  are  ma<ie  continuous  across 
the  page  without  regard  to  the  columns. 

"Russet"  Harness  Leather. 


HEMLOCK. 

Hides, — The  hides  used  for  "  rus- 
set "  leather  are  green  and  salted 
Michigan  skins.  Green  hides  make 
a  smoother,  more  uniform  leather. 
They  are  carefully  selected  and 
classified.  The  packs  are  made  as 
uniform  in  thickness  and  weight  as 
possible. 

The  heaviest  hides  are  put  into 
sole  leather. 


OAK. 

Hides. — Green,  same  as  for  hem- 
lock russet.  Great  care  taken  uk 
selection  to  secure  uniformity  in 
size,  quality,  thickness,  weight,  and 
freedom  from  scratches,  cuts, 
brands,  holes,  &c. 

In  tne  Eastern  States  green, 
salted,  and  South  American  dry 
hides  are  used  by  both  hemlock  and 
oak  tanners. 


SoaMng. — The  usual  practice  js  to  throw  the  classified  packs  into  the 
"  soaks"  or  vats,  filled  with  soft  water,  for  a  day  or  two,  or  long  enough 
to  remove  all  the  blood,  salt,  and  other  impurities;  and  then  to  throw 
them  into  the  lime  vats,  paying  no  attention  to  working  on  the  fle^h 
until  the  hides  come  out  of  the  lime  and  are  put  upon  the  beam. 

This  method,  though  sanctioned  by  long  usage,  should  be  discouraged, 
and  the  hides  should  be  "  fleshed"  before  going  into  the  lime  vats.  Oa 
coming  from  the  **  soaks  "  the  hides  should  be  put  on  the  beam,  and  the 
meat  left  on  the  hide  in  skinning  "  worked  oflf,"  not  ^'  cut  oflf."  The  latter 
process  demands  skilled  labor  to  avoid  injuring  the  skin  and  increases 
the  cost  of  working — a  result  not  consistent  with  true  economy.  But 
unskilled  labor  may  be  advantageously  employed  in  a  thorough  tporjcing 
off  of  the  attached  meat,  and  still  (1)  break  the  nerve  of  the  hide  and 
(2)  remove  all  obstnictions  to  the  uniform  lining  of  the  hides. 

Where  meat  or  grease  are  left  upon  the  flesh  the  action  of  the  lime 
is  prevented,  and  all  subsequent  operations  fail  to  produce  a  leather  of 
uniform  quality  throughout. 

A  good  many  harness-leather  tanners  now  remove  the  meat  before 
liming,  but  the  practice  is  far  from  universal.  So  far  as  is  known  to 
the  writer,  no  mechanical  contrivance  has  been  devised  to  perform  satis- 
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factorily  the  uupleasant  labor  of  ^^  fleshing/'  Tanners  still  have  to  de- 
pend upon  laborious  manual  ^'working."  The  French  and  German 
beam-knives  or  fleshers  introduced  latterly  into  this  country  have  been 
of  gi^eat  advantage.  The  flexibility  of  these  knives  and  the  ease  with 
which  they  accommodate  themselves  to  the  form  of  the  convex  beams 
readily  recommend  them  to  the  enterprising  tanner. 


HEMLOCK. 


OAK. 


N 


Inputting. — The  hides  are  split 
down  the  back  in  the  beam-house 
before  liming. 

Trimming. — This  is  done  in  the 
beam-house.  For  harness-leather 
especially,  the  sides  must  be  care- 
fully tiimme<l,  or  the  buyer  pur- 
chases at  a  high  price  a  lot  of  use- 
less offal  tit  only  for  upper-leather 
workers. 

Liming, — After  soaki  n  g,  the  sides 
are  placed  in  the  lime  vats  and  left 
for  five  days.  The  liming  process 
loosens  the  hair,removes  the  grease, 
And  distends  the  fiber  of  the  skin. 

First  working. — This  operation  is 
depilatory  in  its  action,  removing 
the  hair  and  dirt  from  the  grain 
side. 

Fleshing  or  second  working. — ^This 
is  the  removal  of  all  meat  a<lherent 
to  the  flesh  side,  as  well  as  the  ex- 
cess of  lime  and  dirt  upon  that 
side. 

Milling  or  wheeling. — After  flesh- 
ing, the  hides  are  put  in  a  rotating 
mill,  with  a  flow  of  warm  water 
turned  on,  where  they  remain  15 
minutes.  This  removes  or  knocks 
out  the  excess  of  lime  and  prepares 
the  hide  for  the  tan  liquor. 

Bating. — The  bate  is  resorted  to 
in  order  to  further  facilitate  the 
separation  of  the  lime  from  the  skin 
and  the  ease  with  which  the  tan- 
ning priucii)le  is  imbibed.  Messrs. 
Oappon  &  Bertsch  put  their  hides 
in  a  weak  bate  of  hen  manure, 
where  they  are  left  for  three  hours. 

Some  tanners  bate  still  longer  to 
get  rid  of  the  lime. 


Splitting, — Mr.  Smith  does  not 
split  his  hides  into  halves  at  this 
stage. 

Trimming. — This  is  careftilly 
done  in  the  beam-house. 


Liming. — After  soaking,  the 
hides  are  limed  Zotr,  i.e..  placed  in  a 
weak  solution  of  lime  for  six  days. 
During  the  liming  the  hides  are  cut 
along  the  back  line  and  great  care 
taken  to  keep  the  edges  straight  in 
subsequent  operations. 


Fleshing. — This  is  carefully  done 
as  for  hemlock  tanning. 


Milling. — This  is  done  after  flesh- 
ing, to  knock  out  the  lime. 


18   ORD 


Bating. — Charles  G.  Smith  and 
his  superintendent,  Mr.  Kidder, 
claim  that  bates  of  hen  manure, 
&c.,  for  taking  out  lime  are  very 
irregular  in  their  strength  and  ac- 
tion, and  disapprove  of  their  use. 
They  remove  the  lime  by  the  use 
of  soft-water  bates.  For  russet 
leather,  the  sides  are  put  in  a  wheel 
or  mill  running  50  revolutions  per 
minute  and  furnished  with  a  coh- 
tinuous  supply  of  warm  water. 
After  two  days  of  this  treatment 
the  hides  are  in  good  condition  for 
handling.  Mr.  Jackson  S.  Shultz 
also  recommends  the  removal  of 
the  lime  by  warm-water  bates. 
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Bark. — Whit^  hemlock  bark  from 
Miobigan  used  in  tanning.  The 
baric  is  coarsely  pulverized  in  a 
bark  mill  and  then  thoroughly 
leached. 

Black  oak  or  quercitron  bark 
gives  a  bright  lemon  color  to 
leather,  and  forms  a  good  finish  for 
hemlock  treated  to  imitate  oak. 

Best  speed  for  bark  mill  is  from 
90  to  120  revolutions  per  minute. 


Baric, — The  bark  of  the  rock 
chestnut  oak  is  used.  It  is  ground 
in  a  bark  mill  and  carefully  leached. 
The  bark  is  obtained  from  South- 
ern and  Central  Ohio,  and  from  the 
vicinity  of  Chattanooga,  Tenn. 

Sumac  also  used.  It  gives  a 
lemon  color. 


Tanning. 


HEMLOCK. 


OAK. 


Handlers, — The  tan  liquors  first 
used  are  very  weak,  and  then  grad- 
ually increase  in  strength  until  the 
last  layaway  is  reached,  where  the 
strength  is  greatest.  The  liquors 
vary  in  strength,  according  to  the 
barkometer,  from  7^  in  the  first 
liandler  to  20^  in  the  layaways. 
The  barkometer  is  not  much  used, 
and  but  little  reliance  is  placed 
upon  its  indications.  Most  tan- 
ners judge  of  the  strength  of  a 
liquor  by  its  color  and  taste. 

The  sides  are  six  weeks  passing 
through  the  handlers.  The  plump- 
ing or  distension  of  the  fiber  is  done 
with  the  gallic  acid  of  old  but  mod- 
erately clean  liquors. 

The  action  of  this  acid  is  to  raise 
the  skin  and  loosen  the  fiber  so  that 
it  will  readily  absorb  the  tannin. 
Thehandling  is  done  by  hand,  rock- 
ers not  being  used. 

Layer  or  layaways, — Cappon  and 
Bertsch  use  four  layaways. 

The  method  of  packing  is  as  fol- 
lows: First,  a  little  liquor  is  placed 
in  the  botton  of  the  vat,  then  a 
layer  of  dry  bark  is  sprinkled  over 
the  bottom'  upon  which  is  spread  a 
side,  then  another  layer  of  bark 
and  a  second  side,  and  so  on,  alter- 
nately, until  the  vat  is  filled. 

When  packed  the  vats  are  filled 
with  leached  tan  liquor  until  the 
sides  are  covered.  The  liquor  in 
the  last  layer  is  the  strongest  used, 
being  about  20°  by  the  barkome- 
ter. 


Handlers, — The  best  russet  har- 
ness and  saddlery  leather  pass 
through  20  handlers  in  succession^ 
and  occupy  three  months  in  the 
process.  The  sides  are  handled 
every  day  with  the  utmost  care, 
passing  from  the  weakest  liquors 
to  the  strongest. 

The  sides  are  suspended  by  their 
edges  and  the  manipulation  is  all 
done  by  hand. 

For  russet  leather  the  vats  most 
be  kept  very  clean.  Filthy  liquors 
cannot  be  used  upon  this  class  ot 
leather  without  injuring  the  color. 


Layers, — ^The  same  method  of 
packing  is  employed  in  this  case. 
The  strongest  liquor  is  put  in  the 
last  layer.  Two  layers  only  are 
used ;  the  hides  remaining  30  days 
in  each. 

The  vats  require  to  be  kept  very 
clean.  One  hundred  and  fifty 
sides  are  put  in  a  vat. 

Mr.  Smith  places  his  sides  with 
the  grain  d4)tcn  to  protect  them 
from  being  injured  by  the  settling 
of  coloring  matter  from  the  bark. 
The  sides  are  taken  out  by  hand  in 
order  to  preserve  the  grain  from 
hook  marks. 
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The  sides  remain  in  the 

Ist  layer 15  days. 

2d  layer 20  to  25  days. 

3d  layer 40  days. 

4th  layer 40  to  50  days  (average). 

The  grain  side  is  placed  up  in  the 
layaways  to  avoid  scratching  when 
removed  with  the  hook. 

Washing, — ^This  is  done  in  a 
"slush"  mill  plentifully  supplied 
with  soft  water,  and  making  about 
13  revolutions  per  minute.  The 
sides  are  milled  from  live  to  ten 
minutes. 

Scouring. — The  stock-stone,  a 
stiff  brush,  and  clean  soft  water, 
applied  by  hand,  are  used  for 
scouring  or  scrubbing. 

Drying. — The  drying-loft  is  used 
for  this  purpose.  It  is  generally 
heated  by  steam  to  a  temperature 
of  from  90O  to  lOQo  Fahr. 


Bleaching : 

1.  Materials. — Flowers  of  sul- 
phur. 
Alum. 
Sumac. 

2.  Number  of  bleaches. — Six. 
After  scouring  the  sides  are  passed 
through  the  six  bleaches  in  succes- 
sion. The  first  bleach  has  the 
weakest  liquor.  The  others  in- 
crease successively  in  strength  to 
the  sixth,  which  is  the  strongest. 

3.  Time: 

First  bleach.— -From  10  to  12 
hours.  The  sides  lie  in  this  bleach 
over  night,  which  is  the  longest 
time  they  are  continuously  exposed 
to  the  action  of  the  bleaching  so- 
lution. 

Second  bleach. — Time,  12  hours. 

Third  bleach. — Time,  15  hours. 

Fourth  bleach. — Time,  20  hours. 

Fifth  bleach. — Time,  24  hours. 

Sixth  bleach. — Time,  24  hours. 

In  the  last  five  bleaches  the 
sides  are  handled  constantly  with- 
out being  allowed  to  soak  in  the 
liquor.  The  handling  is  all  done 
by  hand. 

Extreme  cleanliness  i%  very  es- 
sential during  these  operations. 


Great  care  is  taken  to  avoid 
stains  on  the  grain  in  both  tan- 
nages; especially  the  hemlock. 


TTcwAtn^.— The  "mill"  with  soft 
water  is  employed  for  this  purpose. 


Scouring. — Is  done  by  hand  and 
machine,  with  either  the  stock- 
stone  or  stoning-jack,  stiff  brushes, 
and  soft  water  used  for  cleansing 
purposes. 

Drying. — Is  done  in  the  open  air 
or  by  the  assistance  of  steam  for 
heating  the  air.  It  is  best  to  dry 
fair  leather  without  the  use  of 
steam. 


Bleaching : 
1.  Materials.- 


•Sugar  of  lead. 
Foreign  sumac. 


2.  Number  of  bleaches. — ^Two  or 
three,  according  to  the  quality  of 
the  liquors.  The  sides,  300  per 
day,  are  dipped  successively  in  the 
liquor,  and  never  leave  the  hand  of 
the  workman  while  in  the  vat;  nor 
are  they  allowed  to  lie  in  the 
bleaches. 

The  sumac  bath  is  made  by  using 
two  sacks  of  foreign  sumac  to  100 
or  125  sides,  with  just  enough  wa- 
ter to  cover  the  sides.  The  amount 
of  sugar  of  lead  employed  was  not 
given.  Tanners  are  generally  chary 
of  giving  the  proportions  of  their 
baths  and  solutions. 

It  has  been  claimed  that  if  Amer- 
ican sumac  be  gathered  earlier  it 
will  be  freed  from  its  objectionable 
color.  Mr.  Kidder,  of  IJrbana, 
Ohio,  states  that  this  is  not  true, 
and  that  it  is  not  equal  to  the  for- 
eign sumac. 
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The  exact  proportions  of  the  in- 
gredients in  the  several  bleaches 
were  not  given. 

Stuffing. — ^This  is  done  entirely 
by  hand — using  cod  oil  and  tallow. 
For  "  russet"  leather  Use  one-third 
as  much  stuffing  as  for  black  fin- 
ished leather.  Wetting  turns  the 
leather  red.  Vhe  less  grease  used 
in  stuffing  the  leas  the  chance  for 
stain  or  objectionable  change  of 
color.  By  putting  plentv  of  grease 
on  the  leather  and  then  dampening 
it,  the  color  will  change  to  a  dark 
red. 

Color, — Bleached  as  above  de- 
scribed, the  leather  assumes  a 
beautiful  pinkish  cream  color, 
which  becomes  lighter  by 
drying.  Rain  or  wat^r  will  spot  or 
stain  it.  The  leather  retains  its  col- 
or well  in  dry  weather.  The  color 
is  known  as  ^^  a  good,  h'racolor,  light 
reddish  in  tinge.''  If  much  oil  be 
worked  in  during  the  operation  of 
stuffing  and  the  leather  afterwards 
wet,  it  will  change  to  a  dark  red- 
dish color.  The  oil  causes  the  color 
to  be  brought  out. 

[If  great  care  be  used  in  tanning 
and  bleaching,  and  very  little  oil  be 
used  in  stuffing,  hemlock  leather  is 
said  to  be  not  more  liable  to  fade 
than  oak.] 

Section, — Light  reddish,  "live" 
appearance;  cuts  with  apparent 
firmness,  and  does  not  appear 
fibrous  or  stringy. 

Grain. — If  the  leather  is  properly 
treated  in  handling,  tanning,  and 
finishing,  there  will  be  no  crack- 
ing or  breaking  of  the  grain. 

Poor  leather,  — Characteristics  : 
cuts  badly;  the  section  basa  dead, 
Insterless  appearance;  is  woolly 
(*' old  hatty"  technically);  the  grain 
breaks  when  folded  sharply. 
Relative  strength  (Caiijion). — Hem- 
lock has  about  the  same  strength  as 
oak,  and,  with  proper  care  in  tan- 
ning, hemlock  leather  can  be  made 
as  serviceable  as  oak.  It  cuts  to 
better  advantage  and  makes  a 
plumper  skin  throiij^bout  (bellies, 
flanks,  &c.). 

Solidity, — Good  hemlock  tannage 
makes  a  firm  leather,  but  is  not  so 


Stuffing.'~TB\\ow  and  stearine 
(from  hog's  lard)  is  used  for  stuffing. 
The  latter  operation  is  perform^ 
by  hand.  Little  or  no  oil  or  grease 
is  used  in  finishing  leather  in  hot 
weather.  In  cold  weather  a  good 
deal  of  stuffing  may  be  applied 
without  affecting  the  color  of  the 
leather. 


Color. — Properly  bleache<l,  the 
grain  of  oak  leather  presents  a 
bright  russet  color,  generally 
known  as  "  flesh  color," 
with  a  whiter  appearance  than  hem- 
lock russet.  It  becomes  a  little 
lighter  in  color  by  drying. 

This  is  especially  noticeable  when 
the  leather  is  finished  and  rolled  up 
on  a  damp  day  and  then  kept  from 
exposure  to  the  air.  It  will  lose 
color. 


Section, — This  presents  a  "live" 
appearance,  indicating  firmness 
and  solidity,  with  a  bright,  mottled, 
light-brown  color. 

Grain. — The  same  remarks  will 
apply  to  oak  leather,  though  it  is 
less  liable  to  crack  than  hemlock 
from  careless  tannage. 

Poor  leather. — Badly  tanned 
leather  is  "old  hatty"  in  section 
and  harsh  to  the  touch. 


Relative  strength  (Kidder). — The 
oak  leather  tanners  claim  that  the 
tensile  strength  of  their  leather  is 
greater  than  hemlock. 


Solidity. — Hemlock  leather  has 
never  been  made  to  surpass  the  best 
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solid  as  good  oak.  For  statu i>ed  fig- 
ares  and  ornameutatioD,  hemlock 
is  found  to  bQ  less  retentive  than 
oak.  This  effect  is  probably  due  to 
the  greater  relative  si)ongines6  of 
the  hemlock  tannages. 

Inspecting. — Note  the  feeling  when 
cutting  with  a  sharp  knife.  Exam- 
ine carefully  the  character  and  color 
of  the  section.  Handle  the  sides 
one  by  one,  noting  the  impressions 
lefbupon  the  mind  through  the  sense 
of  touch.  Examine  the  sides  for 
brands^  hook-marks,  scratches  on 
the  grain,  gashes,  thin  places,  grub- 
holes,  and  evidences  of  black-rot. 
Fold  the  sides  sharply  to  see  if  the 
grain  cracks  or  breaks.  See  that 
the  sides  are  properly  trimmed  and 
that  they  are  of  uniform  thickness 
within  reasonable  limits,  and  that 
the  back-line  is  approximately 
straight. 


Condemnation. — Reject  for  bad  sec- 
tion, harshness  to  the  touch,  hard- 
ness and  want  of  ]iliability,  over 
or  under  tanning,  acid,  raw-hide 
streaks,  serious  injury  to  flesh  or 
grain,  improper  trimming,  empti- 
ness, and  flimsinesH  of  shoulders  and 
flanks. 


Storage. — Messrs.  Cappon  & 
Bertsch  say  that  leather  will  stand 
for  two  or  three  vears  without  be- 
ing affected  injuriously,  if  placed  in 
a  cool,  dry  place — not  too  dry — but 
that  it  will  dry  a  little  from  the 
evaporation  of  the  moisture  and 
volatile  elements  in  the  oil  used  for 
stuffing. 

After  that  period  leather  will  begin 
to  deteriorate.  Mr.  Stout,  of  New 
Orleans,  states  (in  a  letter)  that  he 
has  had  Oappon  &  Bertsch's  hem- 
lock leather  stored  in  an  attic  all 
summer  (1881),  with  the  thermome- 
ter ranging  to  116^  Fahr.,  and  that 
then^  was  "no  frying  out.''  The 
amount  of  extractive  matter  in  the 


oak  in  solidity.  For  fancy  russet 
saddle  leathers  it  has  been  found 
that  oak  retains  the  stamped  figures 
longer,  and  the  definition  of  the 
impression  better,  than  any  other 
leather.  Tliis  is  due  to  its  superior 
solidity  and  body. 

Inspecting. — See  that  the  grain  is 
not  too  heavy,  or  it  will  be  liable 
to  crack.  Examine  the  section 
along  the  edges  of  the  back-line, 
the  bellies,  and  flanks;  note  the 
color  and  characteristics  of  the  sec- 
tion and  fiber,  which  should  be 
good.  See  if  tne  leather  will  tear 
easily,, which  indicates  rottenness^ 
Test  the  pliability  by  handling  all 
over.  The  sides  should  be  firm 
and  solid,  of  uniform  thickness  and 
weight.  Examine  for  indications 
of  high  liming,  excess  of  acid,  and 
imperfect  or  not  uniform  tannage. 
High  liming  softens  the  leather,  but 
is  injurious  to  strength  and  wear, 
while  strong  bates  ruin  it.  Look 
out  for  streaks  of  raw-hide  in  the 
middle  line  of  section. 

Condemnation. — Throw  aside  for 
bad  section,  short  tannage,  raw- 
hide  appearance,  acid  streak,  and 
if  too  full  of  nerve  or  grain.  Re- 
ject for  too  thick  grain,  for  break- 
ing or  cracking  on  close  folding,, 
also  for  harshness  and  want  of  pli- 
ability. 

The  shoulders,  flanks,  and  bellies 
should  be  plump  and  well  tanned 
to  cut  to  advantage. 

Storage. — Messrs.  C.  G.  Smith  & 
Kidder  state  that  good  leather 
rolled,  papered,  sacked,  and  stored 
out  of  the  wet  in  a  cool,  dry  place 
— not  too  dry — will  "stand  five 
years  without  deteriorating."  It 
should  be  kept  from  currents  of 
air — especially  fair  leather.  Heat 
evaporates  the  oil  from  the  leather. 
Greasy  nisset  leather  should  not 
be  stored.  Badly  tanned  leather 
is  "old  hatty,"  and  acid  leather  be- 
gins to  deteriorate  from  the  day 
it  is  stored;  it  "dies  out,''  becom- 
ing more  brittle  and  rotten  from 
day  to  day. 
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bark  will  affect  the  qaality  of  the 
leather.  The  amoant  of  extractive 
matter  in  hemlock  can  be  dimin- 
ished by  rossing  the  bark  before 
leaching. 

Stain, — The  dampening  of  russet 
leather  before  stretching  over  sad- 
dle-trees discolors  the  surface  some- 
what, and  has  led  to  the  practice  of 
staining  to  restore  the  proper  tint. 
Oak  holds  the  stain  better  than 
hemlock. 

Cleaning. — Castile  soap  and  wa- 
ter are  used.  The  result  discolors 
the  leather. 


Cost — The  price  of  *'  russet"  har- 
ness leather  trimmed  is  from  3  to 
5  cents  higher  than  black  leather. 

If  the  inspection  was  what  it 
should  be,  the  cost  would  be  great- 
er than  that  above  given. 

Since  very  little  oil  or  grease  is 
used  in  finishing,  it  follows  that  in 
buying  ''russet"  leather  by  the 
pound  less  grease  is  bought  than 
in  any  other  class  of  leather. 


Which  leather  J  black  or  russet  j 
would  you  recommend  for  harnessi 

Answer. — Black.    Why  ! 

It  looks  better  after  use  and  will 
wear  better,  because  the  tallow  used 
in  stuffing  fills  (*'  feeds  the  leather'') 
all  the  pores  of  the  sides,  rendering 
them  impervious  to  water,  thus  pre- 
venting decay.    Uusset  leather  hav- 


Siain, — In  oak  tannage  the  useol 
black-oak  bark  (quercitron)  in  the 
last  layer  gives  a  beautiful  lemon 
color  or  stain.  This  bark  is  used 
for  making  imitation  oak  or  Union 
leather  out  of  hemlock.  Spanish 
ss^hron  makes  the  best  stain  for  ms- 
set  saddles. 

Cleaning. — Same  as  for  hemlock. 
Mr.  Kidder  suggests  the  ''use  of 
rock  or  kerosene  oil  for  harness,  and 
a  white  mineral  oil  for  rupset  har- 
ness.'^ He  thinks  it  would  be  pre- 
ferable to  any  other  oil  for  tlressing 
leather  after  washing,  though  he 
has  not  had  much  experience  in  its 
use. 

He  says  mineral  oil  "is  not  half 
as  hot  as  fish  oil,''  and  that  it  will 
not  rot  the  leather  so  quickly.  He 
also  says  that  "fish  oil  and  tallow 
gum  too  nnif'li  and  make  tlie  har- 
ness disagreeable  to  hamlle."  "Cas- 
toroil  goes  right  through  the  hide 
and  is  too  gummy  and  penetrating." 

Cost. — There  are  not  so  many 
operations  required  in  the  maun- 
facture  of  russet  leather,  but  the 
greater  care  and  skill  necessary 
make  the  cost  about  the  same  as 
black.  The  defects  being  more  ap- 
parent, the  loss  from  condemnation 
will  be  greater,  and  consequently 
the  price  must  be  higher  to  com- 
pensate for  this  loss.  If  russet 
leather  should  be  adopte<l  it  would 
be  policy  to  use  only  the  best  qual- 
ity. Hence  the  necessity  of  having 
an  inspector  who  thoroughly  un- 
derstands the  processes  of  tan- 
ning, bleaching,  and  finishing,  ui>on 
which  its  excellence  depends. 

Which   leather,  black  or  russet, 
would  you  recommend  for  harness? 

Answer. — Black.    Why  ! 

To  say  nothing  about  tbe  discol- 
oration which  would  almost  imme- 
diately follow  use,  russet  leather  is 
more  permeable  to  moisture  than 
black  from  the  fact  that  so  little  oil 
or  tallow  is  used  in  finishing.    Con- 
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ing  far  less  oil  or  tallow  used  in  stuf- 
fing is  very  soft,  pliable,  and  cleanly 
to  handle,  but  will  become  discol- 
ored by  sweating,  rain,  or  by  moist 
air. 

^^Eusset  leather  makes  handsome 
harness,  but  must  be  used  only  in 
dry  weather  to  retain  its  color." — 
Bertsch. 

Example. — A  handsome  set  of 
harness  came  under  the  writei^s 
notice  this  summer,  that  bears  upon 
the  point  in  question.  It  was  made 
of  hemlock  russet  by  Sargent,  of 
Boston,  and  contained  a  very  good 
quality  of  leather,  but  not  so  good 
as  samples  inspected  in  the  ware- 
house of  Cappon  and  Bertsch,  at 
<iraud  Kapids,  Mich.  This  set  of 
harness  was  bought  in  June  (1881^; 
used  for  light  driving  in  dry  weath- 
er; taken  to  the  sea  shore  earl^'  in 
August,  where  it  was  used  in  the 
moist  air  of  such  resorts  until  about 
October  5,  having  been  exposed  to 
one  lightshowerof  rain.  Thebeau- 
tiful  color  had  changed  to  a  murky 
red  on  the  saddle  and  backstrap, 
while  the  breeching  and  traces  were 
tinged,  in  addition,  with  a  shade  of 
grayish  brown.  Taken  as  a  whole, 
the.  harness  struck  the  observer  as 
being  dirty,  but  not  disagreeably  so. 

It  is  a  custom  among  buyers  of 
russet-leather  harnesses  to  use  them 
until  faded  or  stained  and  then  to 
have  them  stained  black  likeordin* 


sequently  it  would  begin  to  deterio- 
rate earlier  and  more  rapidly.  The 
opportunities  for  deception  in  the 
manufacture  of  black  harness  leath- 
er are,  however,  much  greater  than 
in  russet.  The  black  staining  covers 
minorimperfections,  and  theleather 
being  filled  with  tallow  and  oil, 
many  defects  are  concealed  which 
would  be  plainly  apparent  in  russet 
leather.  Consequently  the  buyer 
stands  less  ch  ance  of  being  deceived 
in  russet  leather  than  in  black,  pro- 
vided the  bleaching  be  honest. 

There  is  so  much  grease  in  black 
leather  and  it  is  so  easy  to  cover  its 
defects  that  manufacturers  gener- 
ally prefer  to  make  it  instead  of 
russet  leather.  The  former  can  be 
made  to  deceive  the  best  inspectors. 

Ee^narks. — Mr.  Smith,  of  Urbana, 
Ohio,  makes  fair  leather  for  fine 
saddles,  bridles,  lines,  and  occasion- 
ally for  harnesM,  though  he  prefers 
not  to  make  the  latter  since  his  rep- 
utation has  become  established. 
He  does  not  manipulate  his  leather 
to  produce  the  maximum  of  weight, 
but  to  secure  the  best  quality  of 
leather.  His  prices  are  high,  but 
he  deals  only  with  large  firms  of 
manufacturers,  who  take  his  whole 
product,  and  who  know  what  con- 
stitutes excellent  leather,  and  find 
it  economical  to  buy  his  leather 
though  at  a  higher  price. 


ary  harness. 

The  writer  being  somewhat  familiar  with  the  operations  of  tanning 
and  currying,  carefully  inspected  the  tannery  of  The  Cappon  and  Bertsch 
Leather  Company,  at  Holland,  Mich.,  25  miles  from  Grand  Bapids.  under 
the  guidance  of  Captain  Cappon.  lie  also  inspected  that  of  Mr.  Charles 
G.  Smith,  at  Urbana,  Ohio,  in  companv  with  Mr.  Kidder,  his  skillful 
superintendent. 

Both  these  establishments  are  models  of  cleanliness  and  plainly  indi- 
cate the  care  that  must  be  taken  in  the  manufacture  of  russet  leather. 
What  most  impressed  the  observer  was  the  manifest  honesty  of  manip- 
ulation, both  in  the  tannage  and  in  the  finishing  operations.  Much  of 
Mr.  Cappon's  hemlock  leather  is  doubtless  sold  as  oak  leather  after  it 
leaves  his  hands.  He  has  the  reputation  of  making  the  best  hemlock 
russet  leather  in  the  United  States. 

As  has  been  seen  above,  neither  of  these  firms  would  recommend  the 
use  of  russet  leather  for  harness  which  is  to  be  exposed  in  service. 

To  obtain  still  further  light  upon  this  subject  the  writer  visited  and 
consulted  Mr.  F.  K.  Condict,  of  F.  K.  Condict  &  Co.,  of  Newark,  N.  J., 
large  manufacturers  of  saddlery  and  harness;  Mr.  George  Allen, of  New- 
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ark,  N.  J.,  currier  and  finisher  of  fine  rasset  leathers ;  Mr.  Jackson  8* 
Shnltz,  Mr.  G^eo.  H.  Stout,  of  New  York,  and  other  dealers  in  leather.. 

Not  one  of  these  gentlemen  would  recommtad  russet  leather  for  serv- 
iceability  in  the  field  except  Mr.  Shultz,  and  he  only  on  one  condition : 
"that  the  question  of  color  be  overlooked  entirely ^  and  the  leather  stuffed 
with  tallow  and  cod  oil  the  same  as  any  other  harness  leather."  Mr.. 
Shultz  prefers  neat's-foot  oil  to  cod  oil,  but  claims,  and  with  reason, 
that  it  is  easier  to  procure  cod  oil  unadulterated  than  neat's-foot,  owing- 
to  the  high  price  of  the  latter. 

The  writer  is  under  great  obligations  to  Captain  Cappon,  of  Holland, 
and  Captain  Bertsch,  of  Grand  Rapids,  Mich.;  to  Messrs.  Smith  and 
Kidder,  of  Urbana,  Ohio;  and  to  the  several  gentlemen  above  men- 
tioned for  valuable  information  and  for  the  many  kind  courtesies  ex> 
tended  to  him. 

BLEACHING. 

In  California,  "skirting"  and  other  light-colored  or  russet  leathers  are 
handled  in  warm  sumac  solutions  immediately  after  coming  out  of  the 
layers.  After  drying  the  leather  is  tre-ated  superficially  with  a  satur- 
ated solution  of  oxalic  acid,  to  which  a  little  sulphuric  acid  is  added  to 
give  it  the  desired  color.  The  sides  are  next  set  upon  a  table  with  a 
very  little  oil,  dried  slowly  in  a  dark  place,  and,  finally,  finished  by  rub- 
bing with  a  cloth.  Skirting  (used  for  saddles,  &c.)  is  a  heavy  leather  ; 
but  any  desired  thickness  may  be  obtained  by  splitting  before  passing 
through  the  later  operations. 

From  the  above  it  will  be  seen  tbat  although  tanned  with  oak  bark, 
the  color  is  not  considered  satisfactory,  and  bleaching  is  resorted  to  in 
order  to  procure  the  requisite  tint. 

In  the  Eastern  and  Middle  States  fair-leather  manufacturers  use  hatha 
of  sugar  of  lead  and  of  sulphuric  acid,  into  which  the  hemlock-tanned 
leather  is  alternately  dipped  until  the  wished-for  effect  is  produced. 

But,  though  the  leather  is  beautifnl  at  first,  upon  exposure  to  the 
light  and  air  for  a  considerable  time  it  turns  a  "murky  brown"  color,, 
which  is  objectionable.  These  baths  are  very  injurious  to  the  leather. 
Probably  the  only  honest  bleaching  process  is  the  sumac  bath.  This 
bath  involves  an  extra  expense  of  from  five  to  seven  cents  per  side. 

The  sumac  liquor  contains  a  vegetable  acid  which  acts  favorably  upon 
the  sides,  removing  the  coloring  matter,  softening  the  grain,  an$l  render- 
ing the  exterior  whiter  and  clearer.  Hemlock  leather  thus  bleached 
will  retain  its  improved  color  for  a  considerable  time. 

Mineral  acids  should  never  be  used  for  bleaching  purposes. 

In  England  and  on  the  Continent  valonia  is  extensively  used  for  tan- 
ning, leather  tanned  with  valonia  is  said  to  be  harder  and  less  perme- 
able to  water  than  oak-tanned. 

Sicily  sumac  is  also  extensively  used,  but  pi*obably  more  for  the  Kghter 
leathers. 

The  scarcity  of  oak  bark  and  the  more  or  less  general  use  of  valonia 
may  account  for  the  use  of  light-colored  or  "russet"  leathers  in  some 
foreign  armies.  In  this  country  valonia  is  too  expensive  for  tanner'^ 
use,  as  it  has  to  be  imported. 

It  requires  a  little  more  labor  to  stain  harness  leather  bl/ieJc  than  to 
finish  it  light-colored;  but  the  extra  care  taken  to  exclude  the  light  and 
currents  of  air  when  drying  the  latter,  fully  counterbalance  any  saving 
due  to  hand  labor  upon  the  former. 
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COST. 

There  would  be  little  difference  in  the  cost  of  russet  and  black  leather^ 
provide^  valonia  or  foreign  sumac  be  not  used.  If  the  imported  articles 
were  ns^,  the  cost  would  necessarily  be  greater. 

TENSILE  STRENGTH. 

If  untouched  by  mineral  acids  for  bleaching  purposes,  the  strength  of 
the  two  kinds— hemlock  and  oak — ^would  not  differ.  In  this  country 
it  would  be  almost  impossible  to  obtain  russet  leather  that  had  not 
been  subjected  to  more  or  less  of  acid  treatment,  which  would  impair 
its  quality  and  strength. 

DURABILITY. 

Kusset  leather,  not  being  protected  on  the  grain  by  having  the  pore» 
filled  with  unctuous  blacking,  would  be  more  permeable  to  water,  and 
everything  else  being  equal,  would  not  be  likely  to  be  so  durable  a* 
black. 

EFFECT  OF  STORAGE. 

Most  leather  begins  to  deteriorate  as  soon  as  stored.  Pure  bark  tan- 
nages with  excellent  care  will  probably  stand  storing  from  two  to  five 
years  without  marked  deterioration.  Mr.  Shultz  states  that  with  pure 
tannage  and  perfect  treatment  during  and  after  tanning,  leather  should 
remain  good  for  15  or  20  years.  He  also  says  that  good  nemlock  leather 
will  stand  storage  from  five  to  ten  years  if  it  be  not  stuffed  with  oil  or 
grease,  but  that  if  made  up  inte  harness  it  will  begin  to  deteriorate 
within  periods  varying  from  six  months  to  one  or  two  years. 

EASE  .OF    CLEANING. 

Busset  leather  is  more  difficult  to  clean  than  black;  washing  alone 
with  either  water,  or  water  and  castile  soap,  would  impair  the  color,  and 
if  oiled,  care  would  have  to  be  taken  that  only  the  best  oil  be  used.  The 
oil  should  be  clarified  to  avoid  discoloration  from  this  source. 

RESTORING   LEATHER. 

Mr.  Shultz  claims  that  harness  that  has  been  stored  until  the  leather 
begins  to  get  brittle  and  crack  may  be  measurably  restored  to  pliability 
by  first  dipping  it  in  a  vessel  containing  a  mixture  of  one-half  tallow  and 
one-half  cod  or  neat's-foot  oil  heated  to  a  temperature  of  lOO^  Fahr.^ 
and  then  in  hot  water  (about  110^  Fahr.).  Let  the  harness  remain 
about  two  minutes  in  each,  and  then  hang  up  to  dry. 

The  hot  water  drives  in  the  oil,  softening  the  leather,  and  leaving  the 
surface  free  from  the  gumminess  usually  attendant  upon  oiling. 

GENERAL  APPEARANCE. 

When  new,  russet  leather  equipments  would  be  striking,  but  prob- 
ably  would  not  accord  well  with  the  plainness  of  our  army  uniforms. 
They  would  be  rather  conspicuous  in  the  field  and  easily  discolored^ 
presenting  an  appearance  the  reverse  of  military  spruceness.  When 
repairs  are  made  the  new  parts  would  form  a  striking  contrast  to  the 
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<d(ier  ones — since  there  is  no  blacking  in  this  case  to  render  them  uni- 
ibrm  in  color. 

When  new,  msset  leather  would  furnish  handsome  horse  equipm^its, 
bat  the  stains  incident  upon  the  sweating  of  the  animal,  r^n,  and  tbe 
spattering  of  mud  could  not  be  easily  effaced. 

Any  endeaTors  to  clean  such  harness  would  probably  result  in  leav- 
ing areas  of  a  murky  reddish-brown  color. 

HEHLOOK    OR   OAK. 

The  question  of  whether  the  Army  should  be  supplied  with  oak  or 
hemlock-tanned  leather  has  been  agitated  from  time  to  time  during  and 
«ince  the  war. 

The  government  still  clings  to  oak,  and  nearly  all  its  specifications 
<^11  for  oak-tanned  leather,  notwithstanding  the  fact  that  the  greater 
part  of  the  leather  used  during  the  war  was  bad  hemlock,  render^  more 
worthless  by  attempts  to  make  it  imitate  oak  leather.  A  large  portion 
of  the  leather  sold  to  the  government  since  the  war  has  doubtless  been 
hemlock. 

Of  late  years  the  methods  of  tanning  with  hemlock  bark  have  im- 
proved with  astonishing  rapidity,  and  now  it  is  the  chief  material  used. 
During  the  past  few  years  hemlock  leather  has  risen  greatly  in  the  es- 
timation of  consumers.  There  can  be  no  doubt  that  as  now  made  it  is 
A  valuable  product. 

Let  the  specifications  call  for  ^^  bark- tanned"  leather — either  oak  or 
hemlock — and  the  result  will  be  that  base  imitations  of  oak  will  oeaae 
^nd  the  government  will  receive  a  better  quality  of  leather. 

There  are  few  Army  officers  who  know  anything  about  leather,  and 
it  is  not  possible  for  Army  inspectors,  no  matter  how  great  their  egotism 
may  be,  to  detect  imitations  that  defy  the  skill  of  expert  tanners  them- 
selves. 

The  writer,  in  a  report  made  in  1877,  urged  that  a  mixed  commission 
of  Army  officers,  civil  or  mechanical  engineers,  and  practical  tanners 
be  appointed  by  the  government  to  make  a  scientific  investigation  into 
the  relative  merits  of  the  several  tannages  and  to  determine  definitrty, 
if  possible,  for  what  iiurposes  the  different  tannages  could  be  advan- 
tageously used.  These  points  should  be  settled  in  time  of  peace,  when 
there  is  no  pressing  need  for  large  supplies. 

CONTRACTS. 

The  purchase  of  leather  by  contracts  given  to  the  lowest  bidder 
usually  results  in  securing  a  stock  at  a  price  in  excess  of  its  real  value, 
and  less  than  that  for  which  good  leather  can  be  bought.  A  change  in 
the  specifications  as  above  indicated  would  doubtless  better  the  qiudity 
somewhat  by  excluding  the  grosser  imitations. 

Could  the  purchasing  agent  always  be  depended  upon  for  honesty, 
it  would  be  more  economical  for  the  government  to  buy  its  supplies 
direct  from  the  various  manufacturers  whose  reputation  for  sterling  in- 
tegrity was  above  suspicion. 

The  government  would  then  pay  a  fair  price  for  a  good  article.  But 
experience  has  proved  that  human  frailty  cannot  withstand  temptation, 
and  the  contract  system  had  to  be  devised  to  prevent  fraud  and  gross 
favoritism  as  much  as  possible. 

The  great  defect  of  the  contract  system  is  that,  in  a  measure,  it  legal- 
izes fraud  by  rendering  gross  deceptions  possible. 
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Tanners  and  other  manufacturers  of  the  highest  standing  have  in» 
formed  the  writer  that  they  never  thought  of  putting  in  bids  for  gov- 
ernment supplies,  as  they  could  not  honestly  fill  the  contract  at  the 
prices  awarded.  However  detective  the  contract  system  may  be,  it  is 
the  only  safeguard  and  protection  that  the  government  official  has  for 
his  honor.  There  is  probably  no  official  of  integrity  who  would  not 
rather  allow  the  government  to  get  a  poor  article  by  contract  than  to 
risk  being  placed  under  the  imputation  of  having  been  bribed,  should 
bi  purchase  a  gocKl  article  at  a  fkir  price  from  honorable  dealers. 

llie  following  compound  is  used  for  oiling  the  harness  and  artillery 
saddles  in  store  at  the  NationiU  Armory,  and  appeal's  to  be  very  sat- 
isfactory in  preventing  mold,  preserving  pliability,  and  freedom  from 
stickiness  and  rubbing  off. 

HARNESS  DRESSING, 
[lugi-edients  for  two  gallons  of  tlie  coniiioiind.] 

1  gallon  of  neat'sfoot  oil. 

1i  pounds  of  bayberry  tallow. 

2  pevnds  of  beeswax. 

2  pounds  of  beef  tallow. 

Put  the  above  in  a  pan  over  a  moderate  fire  and  let  them  remain  one 
hour  until  thoroughly  dissolved ;  then  add 

Two  quarts  of  castor  oil  and  stir  well  until  the  mass  comes  to  a  boil  so 
that  the  ingredients  may  become  thoroughly  mixed;  after  which  add — 

One  ounce  of  lampblack  and  stir  well  for  ten  minutes;  then  strain 
the  liquid  while  hot  through  a  cotton  cloth  to  remove  sediment  of  bees- 
wax, tallow^  and  lamp-black,  and  put  aside  to  cool. 

Apply  this  mixture  to  saddles  and  harness  with  a  woolen  cloth  and 
leave  until  the  next 'day,  when  they  should  be  wiped  off  with  a  woolen 
cloth  to  remove  the  superfluous  lamp-black. 

FOR  "RUSSET"  OR  FAIR  LEATHER. 

Use  the  same  mixture  without  the  lamp-black. 


Appe^^dix  23. 

DESCRIPTION  OP  VENT  PUNCH  AND  VENT  GDCLET  FOB  THE  UFE-SAVIJie 

SERVICE. 

MADS  BT  C4PH  Dw  A.  VTIM,  OBDHAHCS  pigF^^'W^-J 

^One  Plate.) 

These  impiements)  are  designed  tor  the  removal  of  ordinary  ol>Htnic- 
tioDS  fimn  the  v«*nti4  of  the  Lyie  Ul^-saTing  guim  now  in  service. 

Vest  Ptjnch. 


JfiUerM. — Thi»  inatrument  in  made  from  last-f^teel  bars*  I'x  -^ '  in 
eroee-eeetion. 

Fmkrieatiof^ — ^The  poneh  is  forgetl  in  :*teel  die»  and  then  *ptH[nd  u> 
siae  upon  an  emery  wheel.  Ir  is  tmisheil  apon  a  bnlfin^- wheel  and  then 
rempwed. 

DDfENaiONiS. 

r.irol  L«»ngth _ 5.45 

B.Hiv: 

L«igtb _ 4.H> 

Diaaietvr , „^— •».  LT 

Heatl: 

Hexagonal  length  of  ades.. t).  4 

DuCuice  becwoan  oppomce  ^de» _ — 'i.  JS 

Thiekofm O.dO 

Diaawterof  cflntral  hole .^— , »>.  da 

<"«)8r,  at  Watervliej  ArsenaJ,  41  t!ent*  eaeh. 

Thiis  price  is  ha^efi  ap4>n  the  ^kbncarion  of  rhie  pnnchen  in  lor.H  »>f  24M^ 
each. 

VSJrV   trCSCLET. 

JiiiteriaL — ^Tbis  ;r*mlec  Ls  a^de  fn^m.  nteei  wire  *¥  .I'*  in  diamerer. 

FtMrieation^ — One  eml  of  the  wire  iiaa  a  heiicai  inH)ve  Ininhed  widi 
a  jrimlet  poiac  The  odier  end  or  head  b*  tormeti  into  a  nn^.  The 
helical  grfi^>ve  ami  .ierew-poinc  are  ma«ie  by  luiH'hinerv.  The  ^mlec  is. 
fareihlly  rempereiL 

T<irA4  >ntr*i —     ~  - 

B.Mlv: 

L-MUfTjl _ - - 1.    t 

I-iuou^Ch^r - '.  IT 

HeiitiAl  uir*»rv4»  .^M»v^»t — — I    m 

LtfOiTSii  It  *'iw-o*uai: _ — *.  i5. 

He*il*— Oir'ii.;*r  rrii^.  •n"«*r'nr  i::uu»»r^r^_ 


-^     >..  • 


C«wtL  ac  Wart^rvi:ec  Ar^eiuu,  vr,*st  Tr^v.  y.  Y^  I'  eecii  »^a»*a. 
This  esnaiare  is  Iviseti  ti:>«mi  rhe  iifc>n<!aTi«*'i  ia  l»^r*  ,>f  :3)«*  itai!ii. 
Rern^ru^ — F:****e    'V7..>iitMi'*  «?aii  •^  maii**^  ac  Wkrervl:ec  Ar^*eiiuJ^^ 
W,*HC  Tri  7,  >.  Y.     Till*  r  r.>c  i'*  ai-ui**  "7  x.*H*n.ir.>nn.  .i»*'-'.'te4£  ir  -iii^- 
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Appendix  24. 

INSTRUCTIONS  FOR  ASSEMBLING  AND  WEARING  THE  INFANTRY  EQUIP- 

MENTS,   BLANKET-BAG  PATTERN. 

BY  CAPT.   A.   L.   VARNEY,   ORDNANCE  DEPARTMENT. 

The  Blanket  Bag  uow  supplied  by  the  Ordnance  Department  is  a  sub- 
stitute for  the  Clothing  Bag  of  the  pattern  of  1874  (described  in  Ord- 
nance Memorandum  No.  19),  and  is  designed  to  be  worn  without  the 
*' Carrying  Brace." 

Two  "Blanket-bag  Straps"  are  supplied  in  lieu  of  the  brace  system, 
each  23  inches  long,  2  inches  wide  at  one  end,  and  1^  inches  wide  at  the 
other.  On  the  wide  end  is  sewed  a  standing  leather  loop,  open,  on  the 
undressed  side  of  the  strap,  and  having  a  small  brass-wire  loop,  to  re- 
<;eive  the  coat  strap,  on  the  blackened  side,  attached  by  a  chape  sewed 
and  riveted  under  the  leather  loop. 

A  double!  brass-wire  hook  is  attached  to  the  small  end  of  the  strap, 
which  is  passed  through  its  eye  (the  back  of  the  hook  toward  the  un- 
dressed side)  and  secured  by  another  hook  riveted  on  and  passing 
through  holes  punched  in  the  strap  to  regulate  the  length.  A  sliding 
loop  slipped  over  the  fold  in  the  strap  keeps  the  double-wire  hook  in 
place.  The  straps  are  attached  to  the  bag  by  means  of  two  rectangular 
brass- wire  loops  at  the  top.  To  attach  the  strap,  remove  the  double- wire 
hook  and  the  sliding  leather  loop;  pass  the  strap  through  the  rectan- 
gular brass  loop  at  the  top  of  the  bag  from  the  back  of  the  bag  toward 
the  side  of  the  flap,  holding  the  blackened  side  of  the  strap  toward  the 
bag  and  observing  that  the  straps  are  "rights"  and  "lefts."  The 
straight  edges  of  the  straps  should  be  toward  the  middle  of  the  bag. 
!Next,  pass  the  small  end  of  the  strap  through  the  standing  leather  loop 
at  the  wide  end  and  draw  the  noose  thus  formed  up  close  to  the  rectan- 
gular wire  loop  on  the  bag.  The  small  brass  loop  on  the  strap  should 
be  drawn  through  the  brass  loop  on  the  bag  so  as  to  remain  on  the 
outside.  Next  put  on  the  sliding  leather  loop  and  then  the  double-wire 
hook. 

Adjust  the  strap  to  the  desired  length  by  means  of  the  hook  at  the 
end  and  pass  the  sliding  loop  over  the  fold  in  the  strap. 

To  attach  the  Coat  Strap,  slip  the  sliding  loop  down  to  the  buckle  and 
pass  the  billet  end  through  the  small  brass  loop  on  the  blanket-bag 
strap,  holding  the  blackened  side  of  the  coat  strap  toward  the  bag:  pull 
the  strap  through  to  within  one  foot  of  the  buckle;  pass  the  billet 
through  the  sliding  leather  loop  and  push  the  latter  down  close  to  the 
brass  loop  through  which  the  strap  passes.  The  coat  strap  should  be 
inserted  in  same  direction  with  regard  to  the  bag  as  the  blanket-bag 
straps — that  is,  so  that  when  the  strap  hangs  double  over  the  flap  of  the 
bag  the  buckle  end  will  be  outside. 

To  sling  the  bag,  first  hook  the  left-hand  strap  to  the  D-ring  on  the 
lower  left-hand  corner  of  the  bag,  pass  the  left  arm  through  this  strap, 
grasp  tlie  end  of  the  other  stra^)  with  the  right  hand,  swing  the  bag 
over  the  shoulders  carrying  the  right-hand  strap  over  the  head;  bring 
this  strap  down  over  the  right  shoulder  and  hook  it  into  the  D-ring  at 
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the  lower  right-hand  corner  of  the  bag.  The  webbing  loop  with  button 
and  buttonhole  at  the  bottom  of  the  blanket  bag  is  designed  to  carry 
the  tincup. 

When  the  bag  is  filled,  the  flap  is  fastened  down  by  passing  the  leather 
loops  at  the  comers  over  the  buttons  on  the  gussets. 

A  haversack  strap  is  also  made  of  leather  and  supplied  with  double- 
wire  hooks  at  each  end  like  those  on  the  blanket-bag  straps.  These 
hooks  are  inserted  into  the  buckles  at  the  top  of  the  haversack.  No 
change  has  been  made  in  the  haversack  except  to  enlarge  the  pocket 
for  the  meat-ration  can.  It  can  be  used  with  either  the  carrying  brace 
or  the  haversack  strap  now  provided. 

A  leather  strap  similar  to  the  haversack  strap  (only  narrower)  is  now 
provided  for  the  canteen.  Iron-wire  loops  are  attached  to  the  sides  of 
the  canteen  to  receive  the  double- wire  hooks  on  the  strap. 

The  accompanying  diagram,  prepared  by  Capt.  H.  C.  Gushing,  4th 
Artillery,  shows  the  soldier  equipped  for  the  march. 


Appendix   25. 

CARTRIDGES  AND  FRICTION  PRIMERS  FOR  THE  MILITARY  SERVICE. 

BY  LIEUT.   COL.   J.   M.    WIIITTEMORK,    ORDNANCE   DEPARTMENT. 

MILITART  CARTIflDiiES  FOR   BREErH-LOAlMNG   SMALL-AR^fS   IX  THE: 

UNITED  STATES  SERVICE.y^ 

The  requirements  of  a  good  senicecartridgaare  strength,  durability^ 
uniform  dimensions,  and  cheapness.  Its  power  should  be  stored  up  in 
as  small  a  space  as  possible,  that  a  soldier  may  carry  a  maximum  num- 
ber of  rounds  with  a  minimum  effect  upon  his  endurance.  It  must  pos- 
sess certainty  of  fire  combined  with  uniform  accuracy,  range,  and  pene- 
tration. After  firing,  the  shell  must  be  easily  extracted  from  its  chamber. 
To  unite  all  these  qualities  the  greatest  care  is  required  in  the  different 
processes  of  manufacture.  The  materials  from  which  the  component 
parts  of  the  cartridge  are  made,  which  are  the  shell,  the  primer,  the 
powder,  the  bullet  and  lubricant,  must  be  of  the  best  quality.  A  varia- 
tion of  0".001  in  the  thickness  of  the  metal  disk  from  which  the  shell 
is  drawn,  from  standard  dimensions,  produces  waste  of  material  and 
unnecessary  wear  upon  the  tools  if  above  the  standard,  and  other  com- 
plications if  below.  The  priming  or  explosive  compound  for  igniting 
the  cartridge  must  be  made  with  such  care  and  of  such  ingredients  as 
will^ almost  absolutely  insure  ignition  from  a  blow  of  calculated  strength 
upon  the  cup  or  cap  containing  it.  The  component  parts  of  the  powder 
must  be  sufficiently  pure  that  when  incorporated,  pressed,  and  grained, 
its  density  may  be  so  nearly  constant  that  a  fixed  charge  will  give  a 
nearly  constant  initial  velocity  to  the  bullet,  producing  a  correspond- 
ing constant  range  and  accuracy  under  like  conditions  of  the  atmos- 
phere. Electric  ballistic  machines  readily  determine  the  initial  velocity, 
enabling  us,  by  slight  variations  of  the  charge,  to  keep  that  velocity 
practically  a  constant  quantity,  thus  solving  the  problem  of  a  cartridge 
with  a  measured  or  fixed  amount  of  work  stored  up  in  it  to  be  given 
out  with  deadly  effect  when  needed.  This  is  the  state  of  perfection  to 
which  the  cartridge  is  now  made.  In  1806,  when  the  manufacture  of 
the  service- cartridge  was  commenced  at  Frankford  Arsenal,  Philadel- 
phia, Pa.,  little  or  nothing  was  known  a«  to  how  a  good  reliable  mil- 
itary cartridge  could  be  made.  To  explain  the  difficulties  which  had  to 
be  overcome  at  every  step,  the  machines  to  be  invented  to  do  the  work 
uniformly,  accurately,  and  economically,  would  fill  a  large  volume.  It 
can  be  said,  however,  that  through  the  combined  efforts  of  the  officers 
in  command  of  Frankford  Arsenal,  Philadelphia,  and  the  National  Ar- 
mory, Springfield,  Mass.,  a  cartridge  was  produced  which  would  reflect 
credit  upon  any  nation.  Up  to  the  present  time  this  cartridge,  per- 
fected and  slightly  modified,  has  been  the  service-cartridge  for  breech- 
loading  small-arms  and  machine  guns.  With  the  invention  and  adop- 
tion of  breech-loading  small-arms  and  metallic  cartridge  shells  heavier 
and  more  uniform  charges  of  powder  were  introduced,  giving  greater 
range  and  accuracy.  This  was  followed  by  a  desire  and  necessity  for 
soldiers  becoming  trained  marksmen.  To  meet  economically  the  demand 
for  an  increased  expenditure  of  amnninition  thus  i)roduced,  reloading 
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shells  were  used.  Until  this  demand  came  sach  shells  had  not  been 
made  tx)  any  extent  at  Frankford  Arsenal,  although  a  plan  for  making 
them  had  been  worked  up  at  that  post  which  has  since  been  quite  gen« 
orally  adopted  by  all  manufacturers  of  reloading  shells  in  this  country, 
and  also  abroad  by  several  nations,  viz,  making  a  pocket  in  the  head  or 
the  shell  formed  in  the  continuous  metal  from  which  it  is  drawn,  and  into 
which  a  primer  could  be  inserted  from  the  exterior.  Heloading  shells 
have  generally  been  made  of  brass,  and  are  now  so  made  to  a  great  ex- 
tent. This  metal  possesses  sufficient  elasticity,  but  is  wanting  in  dnra^ 
bility,  as  experience  has  proved.  The  service  non-reloading  shell  is 
made  of  copper  with  a  small  percentage  of  spelter,  and  has  shown  dura- 
bility equal  in  years  to  those  longest  made.  When  the  subject  of  a  re- 
loading shell  received  the  serious  attention  of  the  Ordnance  Depart- 
ment it  was  decided  that  similar  metal  should  be  tried  for  the  reloader. 
Experiments  proved  that  although  not  possessing  elasticity  to  the  extent 
of  brass,  it  had  enough  for  ail  practical  purposes,  and  the  important 
advantage  of  durability,  as  proved  in  the  non-reloader.  This  metal  has 
therefore  been  used  by  the  departmeut  thus  far  for  reloading  shells.  A 
large  experience  has  demonstrated  the  fact  that  the  service  non-reloader 
adapted  to  the  service-gun  has  no  superior  (if  any  equal)  in  the  impor- 
tant qualities  which  a  good  military  cartridge  of  that  class  should  pos* 
sess.  Although  reloading  cartridges  are  required  as  a  matter  of  econ- 
omy for  target  practice,  it  is  perhaps  wise  to  retain  the  non-reloader  for 
field  service.  The  facts  that  it  cannot  be  tampered  with  when  once 
made  without  discovery,  and  retains  its  good  qualities  for  action  under 
all  the  tests  it  is  subjected  to  in  actual  service,  by  transportation,  ex- 
posure, audeven  immersion  in  water,  arestroug  arguments  for  its  remain- 
ing the  standard  cartridge  for  fighting  pur[)Oses. 


Extract  from  report^  made  to  the  Chief  of  Ordnance,  October  16, 1879,  by 
Lieut.  Col.  J.  M.  Whittemore^  commanding  Frankford  Arsenal,  on  the 
manufacture  and  test  of  100,000  solid-head  copper  \  reloading  cartridges. 

DESCRIPTION  AND  TESTS. 

The  cartridge  is  of  standard  dimensions  on  the  outside,  approximat- 
ing to  the  maximum. 
The  inside  dimensions  are: 

1.  A  cylindrical  bullet-seat  0".458  diameter. 

2.  A  frustum  of  cone. 

3.  A  frustum  of  cone  leaving  the  walls  at  junction  of  head  0".05  thick. 
Thickness  of  head  through  to  inside,  0".075  to  0".080.    The  volume 

of  the  powder-space  is  a  fraction  less  than  the  service-case.  The  weight 
averages  25  grains  greater=3J  pounds  in  boxes  of  1,000. 

RELATIVE   SENSITIVENESS   AND   CERTAINTY  OF  FIRE. 

\  The  following  table  shows  the  results  obtained  by  dropping  a  one- 
pound  weight,  through  the  heights  recorded,  on  the  primers  on  their 
seats  in  the  cartridge-cases: 

*  An  exhaustive  report,  made  by  Lieut.  Cliarles  C.  Morrison,  at  the  National  Armory, 
under  the  direction  of  the  late  Col.  J.  G.  Benton,  then  commanding,  confirmed  in  the 
main  the  conclusions  arrived  at  in  the  above  report.   - 

t  The  material  used  in  the  manufacture  of  these  and  the  service-cartridge  shells  is 
sometimes  called  gilding  metal.    It  is  copper  with  a  small  percentage  of  spelter  in  it. 


REPORT    OF    THE    CHIEF    OF    ORDNANCE.  289 

Ft  at  anrih, 

Service  ciip-ftuvil.  lieij^ht 1  '.5  to  5". 5 

Lowell  primer 1   .5  to  6".0 

Fronkford  Arseual  experimental  pri;uer 2". 5  to  ()".0 


Pointed  auril 


*. 


Berdan  primer,  beigUt V'.b  to  3''.0 

Winchester  primer 1".6  to  4".5 

Taking  for  standard  the  service  cup-auvil  tor  seii8itivenes.s  and  Spring- 
field rifle  for  igniting  power,  the  latter  has  sufficient  surplus  power  to 
cover  the  range  of  all  the  above  primers. 

The  Hotchkiss  gun  will  also  cover  the  range  if  provided  with  a  spring 
requiring  15  pounds  to  start  and  28  pounds  to  bring  it  to  full  cock.  If 
less,  it  is  prejudicial  to  the  cartridge,  and  there  may  be  an  occasional 
misfire. 

Only  one  nusfire  occurred  in  16,000  rounds  of  the  Frankford  Arsenal 
primer  fired  from  the  Springfield,  Hotchkiss  (with  spring  of  15  and  28 
pounds),  and  Galling  guns.  It  happened  in  the  latter,  and  is  supposed 
to  have  been  due  to  bad  or  burned  composition. 

On  the  record  of  misfires  the  Frankford  Arsenal  primer  is  superior  to 
all  the  above  primers  and  is  better  adapted  to  magazine  guns,  being 
less  sensitive  to  explosion  when  struck  by  the  bullet  of  another  cart- 
ridge held  concentrically  in  a  tube  representing  the  Hotchkiss  maga- 
zine and  dropped  from  various^  heights,  as  shown  by  the  following 
record : 

Berdan  explodes  when  struck  by  cartridge  fullinK 5  feet. 

Winchester  exploden  when  .struck  by  cartridge  falling 20  feet. 

Service  cup-anvil  explodes  when  struck  by  cartridge  falling ito  feet. 

Frankford  ArHenal  primer  explodes  when  strack  by  cartridge  falling 40  feet. 

EASE  OF  EXTRACTION. 

The  average  force  required  to  extract  the  service-cartridge,  measured 
l>y  a  spring-balance,  in  tests  of  daily  work,  is  for  the  Springfield  rifle 
7  pounds,  Hotchkiss  rifle  14  x^ounds. 

The  experimental  cartridge  gives  an  average  for  160  roun<l8:  in  the 
Springfield  rifle  1  pound — maximum  2,  minimum  J  pound;  Hotchkiss 
rifle  8  pounds — maximum  9,  minimum  6J  pounds.  This  includes  the 
normal  resistance  of  opening  and  cocking  the  latter — about  3  pounds. 

Fifteen  thousand  rounds  have  been  fired  in  both  guns,  with  easy  ex- 
traction. The  Hotchkiss  gun  required  to  be  lubricated  at  the  bearing 
points. 

STEENOTH  AGAINST  SHEARINa. 

Fired  in  the  eprouvette,  with  100  grains  rifle-poFder  and  15  i>ounds 
weight,  the  experimental  cartridge  showed  no  sign  of  shearing.  Fired 
in  the  Springfield  rifle,  with  80  grains  English  rifle-powder  and  1,005 
grains  lead,  the  gun  was  strained  but  the  case  showed  no  sign  of  injury. 

DURABILITY  FOR  RELOADING. 

In  a  gun  that  has  a  yielding  system  at  the  base,  like  the  Springfield, 
any  solid-head  cartridge  will  sooner  or  later  be  torn  apart  by  rei)eated 
firing,  and  the  result  is  hastened  by  the  absence  of  lubrication  in  the 
chamber  or  on  the  cartridge.  In  a  dry  condition  the  life  of  the  case 
will  not  exceed  five  rounds. 

(The  causes  are  explained  in  Ordnance  Notes  No.  114.) 
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A  folded-bead  cartridge  openn  a«  the  breech-block  yields  and  relieve^^ 
itii  wallft  of  HotDc  of  the  teofrile  strain. 

Winchester  solid-head  cartridges,  brass  (1S79),  taken  from  lots  that 
stood  reloading  150  times,  can  l^  torn  apart  on  any  line  selected  be- 
tween the  ballet-seat  and  the  holdl>ack  at  the  base  by  firing  in  a  dry 
gon,  in  from  3  to  7  rounds. 

The  experimental  case  has  eqnal  endnrance  with  the  Winchester 
brass  case  auder  like  conditions.  If  the  chamber  is  not  excessively 
Inbricated  to  reduce  friction  l>etween  it  and  the  case  (and,  generally 
H|>eaking,  this  obtains  in  firing  by  the  lubricant  of  the  bullet  l^ing  car* 
neil  into  the  chamber)  the  shell  can  no  doubt  be  fire<l  100  times  with- 
out tearing  apart,  or  as  long  as  the  pocket  endures  the  blows  on  the 
anvil. 

Without  any  precaution  against  tearing  affart.  the  following  were 
fired: 

l&O  cafien  in  Spnuj^H^ld  rifl<* 15  time6. 

150  vwMiH  in  tIot<'liKiHH  rifle 15  times. 

100  cui»e8  in  G atling  giiD 15  times. 

In  the  (latliiig  gun  the  case  yielded  at  the  13th  and  14th  rounds. 
Lubricated  cases  were  fired  as  follows  without  tearing  apart: 

100  ca«eH  in  SnriDjfHeld  rifle 50  times  each. 

100  cases  in  HotchkiHS  rifle 50  time«  each. 

Generally,  the  case  begins  to  split  at  the  mouth  at  the  10th  round,  t 

WATER- PROOF  QUALITY. 

The  following  cartridges  were  immersed  in  water  for  15  days: 

5850  Frankford  Arw^nal  experimental , none  leaked. 

105  Winchester 6  leaked. 

105  Lowell * 5  leaked. 

LEAKAGE   OF  GAS  AROUND  PRIMER. 

With  strict  attention  to  tools  to  insure  uniformity  in  size  and  smooth- 
ness of  pocket  and  primer,  an  outside-primed  cartridge  can  be  made 
practically  gas  and  waterproof. 

The  Frankford  Arsenal  experimental  case  shows  less  leakage  of  gas 

than  any  other,  esi)ecially  on  the  first  fire.    When  reloaded  several 

^  times  the  pocket  of  a  copper  case  yields  more  than  that  of  a  brass  one, 

*  but  such  leakage  as  occurs  in  this  way  is  inconsiderable,  being  only 

such  as  escapes  previous  to  complete  expansion  of  the  cap,  and  does* 

not  injure  the  firing-pin. 


FRICTIOX  PRIMERS  FOR  CAXNOy. 

Frankford  Arsenal,  April  11, 1879. 

Sir:  I  have  the  honor  to  submit  the  following  i-eport  upqn  the  ex- 
periments made  by  uie  to  remedy  the  defects  found  to  exist  in  cannon 
primers. 

These  defects  may  be  briefly  enumerated  as  follows: 

1.  The  metal  from  which  they  are  made — brass — becomes  rotten  under 
certain  exposures,  as  the  damp  air  of  magazines,  salt  air  in  proximity 
to  salt  water,  etc. 

2.  The  wax  stopper  to  retain  powder  in  main  tube  was  liable  to  be 
8i>ttened  and  foived  out  when  the  primers  were  stored  in  warm  places, 
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and  tbis  might  also  happen  when  the  primer  was  inserted  in  the  vent 
of  a  gun  heated  by  firing.  Even  under  favorable  conditions  the  inertia 
of  the  wax  stopper  might  produce  a  strain  on  the  tube  which  would 
sometimes  exceed  its  strength  and  burst  it.    Such  cases  have  happened. 

3.  The  formation  of  a  loop  to  engage  the  hook  of  the  lanyard  by  twist- 
ing the  wire  on  itself  was  done  in  such  a  way  as  to  punch  or  gnaw  the 
wire,  and  thereby  diminish  its  strength,  either  by  improper  lapping  of 
the  end  of  the  wire  on  itself  or  by  the  pliers  in  which  it  was  held  while 
being  twisted. 

(1.)  Examined  under  the  microscope  the  brass  of  defective  tubes  in- 
jured by  exposure  or  long  storage  is  found  to  be  disintegrated,  the  zinc 
of  the  alloy  being  reduced  to  an  oxfde  and  deposited  as  a  white  powder 
on  the  surface.  To  partially  overcome  this  defect  the  brass  primers 
have  been  coated  with  thin  shellac  varnish  inside  and  outside,  by  dip- 
ping, which  is  easily  done  and  costs  but  little.  Such  protection  bids 
fair  to  produce  favorable  results  in  assisting  to  preserve  the  strength 
of  the  brass  and  prolong  the  lifetime  of  the  primer. 

But  what  I  believe  to  be  better  is  the  substitution  of  copper  for  brass 
as  the  metal  from  which  the  primer  should  be  made.  It  costs  a  little 
more,  but  it  is  more  easily  worked  and  more  uniform  in  its  character 
and  strength  and  has  superior  preservative  qualities. 

In  making  60,000  friction  primers  from  copper  little  difficulty  has 
been  experienced,  and  the  difference  between  the  cost  of  the  brass  and 
copper  primers  is  trifling. 

The  essential  qualities  of  a  cannon  primer  are  strength  to  stand  stor- 
age and  certainty  of  fire  under  the  practical  condition  of  service  with 
the  gun,  then  simplicity  and  cheapness. 

The  copper  primer  possesses  more  lasting  strength  than  the  brass, 
and  is  therefore  as  cheap  in  the  end,  is  just  as  simple  in  construction, 
and  more  likely  to  be  in  firing  condition  after  long  storage.  If  under 
the  practical  condition  of  firing  the  gun,  it  has  all  the  requisite  qualities 
to  the  extent  that  brass  has,  then  it  is  a  better  material  to.make  primers 
from. 

From  those  actually  fired  here  in  making  60,000,  and  from  the  me- 
chanical testii  to  which  they  have  been  subjected,  corresponding  to  the 
strain  they  are  likely  to  receive  when  used  in  the  gun,  1  conclude  that 
a  copper  primer  is  better  than  a  brass  one,  and  recommend  that  in  fu- 
ture copper  instead  of  brass  be  used  in  making  friction  primers  for  can- 
non, and  also  electric  primers,  for  what  is  true  for  one  will  hold  true 
for  the  other. 

From  the  annexed  table  of  a  series  of  tests  to  which  the  brass  and 
copper  primers  and  their  components  have  been  subjected,  it  will  be 
seen  that  brass  wire  is  stronger  than  copper  wire  and  will  stand  more 
pull  for  equal  diameters.  By  increasing  the  diameter  of  the  copper 
wire  slightly  this  discrepancy  is  practically  overcome. 

The  main  tube  (copper),  when  projecting  at  such  different  distances 
out  of  the  vent  as  are  likely  to  occur  in  practice,  possesses  sufficient 
stiffness,  and  in  the  last  made  was,  at  certain  distances  out  of  the  vent, 
stiffer  than  the  service  brass  tube,  as  will  also  be  seen  from  the  annexed 
table. 

(2.)  To  overcome  the  faults  of  the  wax  stopper,  shellac  varnish  in  a 
pasty  condition  has  been  substituted  for  it  to  hold  the  rifle-powder  in 
the  main  tube. 

This  will  undoubtedly  stand  variations  of  temperature  better  than 
the!  wax  and  will  not  produce  so  much  strain  on  the  tube  by  jts  inertia. 
It  will  also  stand  the  shocks  of  transportation,  as  proved  by  experience. 
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(3.)  The  two  parts  of  the  wires  are  now  laid  side  by  side,  instead  of 
across  each  other,  before  twisting  to  form  the  loop,  and  the  pliers  for 
holding  them  has  smooth  instead  of  roughened  jaws,  to  prevent  injury 
to  the  wire,  either  by  itself  or  the  jaws  of  the  pliers. 

TESTS  OF  FRICTION  PRIMERS  AND  COMPONENTS. 
Tweional  and  bending  tests  of  brass  and  copper  wire. 


Torsioii.    (Lengths  of  l'^  twisted  till  ruptured.)       Bending.    (Bends  to  and  fro  180^^  till  mp tared.) 


1 
2 
S 
4 
5 


Specimen  number. 


Copper,    Brass, 
turns,      tui'ns. 


Specimen  number. 


AveragCH 


17 
18 
18 
17 
19 


19 
15 
16 
15 
14 


1 
2 
3 
4 
5 


Copper, 
turns. 

Brass, 

turns. 

5 
4 
4 
5 
4 

6 
7 
9 
5 
6 

19.8 


15.8 


Averages 


4.4 


6.0 


Pull  in  pounda  required  to  ignite  ptimers  after  five  dayn  drying. 


Nib  of  wire  not  bent. 


Nib  of  wire  bent  W^. 


Nib  of  wire  clinched 


Specimen  num-  ^,^^^^^^^^.     ^^^ 


1. 
2. 
3. 
4. 
5. 


ber. 


Specimen  num 
her. 


VotntdH.  PitvndU. 


Averages 


30 
40 
33 
•J4 
38 


24 
33 
37 

28 
34 


'5: 

4 
5 


31.2 


Copper.    Brass.     ^P*^''Plf°  """'  ,  Copper.    Brass. 


ber 


Pound$.  Poftnds. 


Averages 


32 
39 
28 
34 
30 


34 
30 
20 
28 
30 


32.6 


28.4 


1. 
2. 
3. 
4. 

m 


A verages 


Pounds. 

Pounds 

24 

34 

40 

20 

42 

20 

3*! 

26 

38 

!       34 

36.4 


26.8 


1. 


4. 

5. 


Aft-er  24  houis'  dryinjr. 


42 

30 
34 
31 
29 


Averages..         33.2 


32 
31 
24 
32 
28 


29.  4 


After  48  hours*  drying. 


1. 

2 

3. 

4. 

5 


Av»Tages  .. 


40 
30 
38 
20 
.50 


3.%.  6 


20 
22 
30 
22 
34 


25.  6 


Taken  from  the  Htore. 


2 
3 
4. 


Averac:»*s.. 


56 
54 

64 
52 
04 


38 


34 
36 
54 
40 

48 


42.4 


Defiertion  and  brenkintf  tests  due  to  projeciion  from  rent. 


Cupper. 


Brass. 


Projection. 

Deli  action. 

Broke. 

Pr*>jection. 

1 
1 

Deflection. 

Broke. 

Inche$. 

Pmndtt. 

P'y'indif. 

Tn€h<fs. 

Pif*tndi. 

poundM. 

1.0 

136 

210 

.M 

175 

252 

.2 

n 

193 

t                 .  J 

118 

202 

.3 

-JO 

130 

1 

ST. 

145 

.4 

60 

120 

.  * 

5») 

105 

,5 

50 

90 

.  5 

.57 

m 

.6 

34 

.6 

33 

66 

.>4 

.7 

20              1 

6*) 

.8 

2'J 

42 

.8 

t                16 

52 

.9 

:t> 

?*i 

.l> 

14 
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2y3 


PuU  and  drop  te^t$  of  icire. 


T©«t». 


Copper. 


Brae*. 


Pull .' ,84  potmdfl. 

Drop,  10  pounds.    1.05  feet ' 

Drop,  10  pounds.    0.55  foot I       Broke. 

Area  of  wire I      1  .  00225 

Piameter  of  wire '      0    054 


100  pounds. 
Broke. 

"6".  66211* 

0".053 


Appendix   26. 

MECHANICAL  MOTION. 

BY   LIKUT.    COL.    A.    R.    BUFFIXGTON,    ORDNANCE    DEPARTMENT. 

(Two  plates.) 

National  Armory,  April  20, 1S82. 

Sir:  Herewith  inclosed  I  have  the  honor  to  forward  the  description 
(with  plates)  of  a  machine  that  might  be  of  interest  to  the  corps  H 
deemed  of  sufficieot  importance  to  justify  publication  as  an  Ordnance 
Note.  In  its  present  shape  it  is  more  itf  the  nature  of  a  mechanical 
curiosity  than  of  a  useful  machine.  It  would  be  serviceable  to  an  in- 
structor as  a  practical  illustration  of  the  resolution  of  forces  into  com- 
l>onents,  and  of  the  principle  of  mechanics  that  "  action  and  reaction 
are  equal,  simultaneous,  and  contrary.'' 

Respectfully,  your  obedient  servant, 

A.  E.  BUFFINGTON, 
Lieut  Coh  of  (>rdnanc€y  Commanding, 


PREFACE. 

Plate  No.  1  represent.^  in  plan  and  elevation  a  small  model  devised 
to  verify  and  practically  illustrate  the  theory,  not  as  a  model  for  a  work- 
ing machine,  which  would  have  to  be  constructed  diflPerently.  What  is 
called  a  "  box"  in  the  following  description  was  resorted  to,  to  bring 
down  to  a  small  axis  a  revolving  face,  part  of,  and  attached  to,  a  ring- 
gear.  This  necessitated  the  fixed  ring-gear  referred  to  in  the  descrip- 
tion of  the  model,  to  be  held  in  position  by  an  arm  or  arbor,  which  sup- 
ports, and  around  which,  on  a  sleeve,  the"  box '^  (which  incloses  the  whole 
system)  revolves.  The  model,  as  shown  by  the  plates,  has  no  multiply^ 
ing  gear — *' power-gear" — and  no  "difterential"  combination. 

The  work  and  power  move  equal  distances  in  equal  times  when  the 
puUeys  described  are  used.  There  is  some,  a  little,  difference  of  velocity 
in  the  motion  of  these  pulleyfe — there  need  not  be — made  so,  for  conve- 
nience of  mechanical  construction,  but  the  faster  running  is  reduced  in 
diameter  to  make  the  rope  passing  over  them  about  equal  in  the  same 
time. 

OBJECT   TO  BE  ACCOMPLISHED. 

For  instance,  to  raise  a  weight,  applying,  by  mean^  of  an  endlesa 
rope,  the  power  to  pulley  6,  Plate  1 — pulley  a  raising  the  weight. 

The  power  may  be  removed  at  any  point  and  the  weight  left  hanging 
as  in  the  use  of  "differentiaP  pulley  blocks. 

Broadly  st-ated,  the  ^rork  cannot  move  the  machine,  there  being  at 
every  point  under  the  action  of  the  work  a  stable  equilibrium  depend- 
ing upon  the  nr^uciple  of  action  and  reaction. 
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HOW  THIS  IS  ACCOMPLISHED. 

By  the  mechanical  resolation  of  the  work  or  resistance  into  two  com- 
ponents, one  of  which  is  destroyed,  in  eflfect,  by  the  principle  of  action 
and  reaction,  the  other  neutralized  by  the  interposition  at  every  point 
#f  revolution  of  the  teeth  of  a  fixed  ring-gear. 

THEORY. 

Suppose,  Fig.  1,  the  two  circles  A  and  B  represent  the  pitch-lines  of 
two  gear-wheels,  one,  the  larger,  geared  inside — a  ring-gear — and  twice 
the  diameter  of  the  other,  each  fixed  at,  but  free  to  revolve  on,  its  cen- 
ter. Any  point,  <f,  of  the  smaller  will  mark  on  the  face  and  through  the 
center  ot  the  other  a  right  line,  a  h. 


Suppose  a  point  over  the  point  d  be  fixed  to  a  slide  on  the  face  of 
smaller  A  [which  slide  can  move  only  in  the  line  de]j  and  compelled  to 
move  in  a  groove,  a  6,  across  the  face  and  center  of  larger  B.  If  a  force 
whose  direction  is  the  same  as  line  d  ehe  applied  to  this  point  no  motion 
of  the  system  can  take  place ;  for  the  action  against  the  larger  would 
be  in  line  fdg,  perpendicular  to  a  6  at  ^,  and  passing  through  /,  the 
point  of  engagement  of  the  two  gears,  and  the  reactian  on  smaller  would 
be  in  the  same  line ;  these,  action  and  reaction,  being  equal,  no  motion 
could  take  place.  But  suppose  the  center  of  smaller  gear  be  free  to 
move,  motion  would  then  take  place — the  smaller  would  roll  around 
inside  the  other,  the  point  referred  to  moving  in  the  groove  a  6,  the 
larger  gear,  although  free  to  move  around  its  center,  remaining  station- 
ary— that  is,  the  force  applied  would  be  resolved  into  two  components, 
one  perpendicular  to  and  the  other  parallel  with  line  a  ft,  the  former 
destroyed  by  action  and  reaction,  the  latter  passing  through  the  center 
of  larger,  producing  motion  only  of  smaller  gear. 

Suppose,  now,  two  more  gears  precisely  the  same  in  size  and  gearing 
and  having  the  same  relation  to  each  other  be  placed  so  that  the  small 
ones  shaU  engage  over  the  centers  of  large  ones — these  latter  having 
no  direct  connection  with  each  other — and  that  the  centers  of  small  ones 
be  connected  by  an  arm  fixed  so  as  to  revolve  at  c,  (Fig.  2) ;  the  two  sys- 
tems differing  only  in  that  the  ring-gear  (D,  Fig.  z)  shall  be  fixed — un- 
able to  move  in  any  way. 

A  and  B  of  Fig.  2  being  the  two  gears  explained  in  Fig.  1,  eugagiug 
at/;  C  and  I)  (/>  and  B  coincident,  showing  but  one  circle),  engaging 
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at  J,  being  the  equal  pair  of  la8t  supi>08ition ;  the  .smaller  gears  engag- 
ing at  €  and  united  by  the  arm  h  t,  each  free  to  revolve  on  journal  of 
arm  at  h  and  t.  If  motion  be  given  to  the  arm,  the  8mall  gear  C  will 
roll  around  inside  the  fixed  ring-gear  D,  and  revolve  the  other  A  about 
its  center  /<,  a8  it  is  carried  around  by  the  arm,  and  A  will  carry^witt  iz 


the  movable  ling-gear  Bj  or  if  motion  be  given  to  this  latter  (7:^;  it  will 
carry  A  with  it,  which  in  turn  will  roll  C  around  inside  the  fixed  gear 
B.  During  this  motion  any  point  of  A  will  describe  a  right  line  across 
the  face  and  center  of  B  as  previously  noted.  But  if  A  and  -B  be  ar- 
ranged with  slide  and  groove  and  a  force  applied,  as  above  supposed^ 
the  system  cannot  be  moved  as  long  as  the  direction  of  this  force  crosses 
the  center  of -1  in  the  direction  of  e  d  (Fig.  1).  As  it  was  shown  above 
how  the  perpendicular  component  of  the  applied  force  is  destroyed,  ^t 
remains  to  show  in  what  mannei;  the  parallel  one  is  neutralized. 

In  Fig.  3  let  a  &  represent  the  groove  across  the  face  and  center  of 
Bj  d  the  point  of  a  slide  on  the  face  of  A,  and  also  of  a  block  free  to 
move  in  the  groove  a  &,  and  the  arrow  e  d  represent  the  applied  force 

Tiff.  3. 


and  directioi!  ot  ir.  It  has  been  seen  that  under  the  action  of  this  force 
the  ge^r  .4  woald  start  to  roll  around  inside  of  B^  as  indicated  by  the 
arrow,  carrying  the  arm  h  i  as  indicated,  which  in  its  turn  would  carry 
the  gear  C  and  give  it  by  means  of  fixed  gear  D  the  motion  indicated  by 
the  arrow,    j^ut  the  two  small  gears  engage  at  c.  and  examinin^c  them 
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at  this  poiDt  it  is  seeu  that  they  have  motion  or,  strictly,  tendencies  to 
motion,  in  opposite  directions,  consequently  no  motion  can  take  place,  al- 
though the  system  is  free  to  move  either  by  application  of  force  to  the  arm 
or  thefre^  ring-gear.  Thus  the  teeth  of  a  fixed  ring- gear  are  interposed 
at  every  point  of  revolution  to  neutralize  the  parallel  component. 

To  always  practically  have  the  force  applied,  as  described,  to  a  cmnk 
arm  whose  center  is  at  e,  a  link  is  attached  and  connects  with  the  slide, 
and  block,  as  will  be  seen  in  description  of  model  further  on. 

To  carry  over  the  centers,  the  system  of  four  gears  above  explained 
is  doubled,  the  crank-arms  being  placed  at  right  angles  on  the  shaft  to 
which  they  are  attached.    The  point  d  describes  during  a  revolution  a 

Fig.  4. 


double  cusp — Fig.  4 — the  dotted  circle  showing  path  of  centers  of  smali 
gears,  and  the  broken  line  c  k  d  one  position  of  crank  and  link  ju8t  re- 
ferred to. 

DESCRIPTION  OF  MODEL. 

Plates  1  and  11  show  the  model  in  side  and  end  elevations  and  in  de- 
tail, respectively.  In  the  side  elevation  are  seen  the  gearing  c  and  d 
(Plate  I)  connecting  the  pulley  b  with  a  system  of  gearing  connected 
with  the  pulley  a.  The  gear  d  is  twice  the  size  of  c,  as  the  latter's  ve- 
locity must  be  twice  the  former's  to  give  the  pulley  a  a  velocity  equal  to 
that  of  b  when  the  two  small  gears  A  and  G — Figs.  3  and  4,  Plate  II — 
are  equal.  For  the  convenience  of  mechanical  construction,  as  stated 
above,  these  gears  were  made  unequal,  and  to  compensate  for  the  dif- 
ference of  velocities  resulting  to  the  pulleys  the  pulley  b  was  made  a 
little  smaller  than  a. 

The  pulley  b  is  not  a  necessary  part;  it  was  put  on  the  shaft  to  test 
the  theory.  A  crank-arm,  as  shown  in  plan  and  elevation,  or  any  other 
mechanical  contrivance,  may  be  used  to  communicate  motion. 

Tlie  caps,  each  held  by  two  screws,  of  the  hollow  arms  or  arbors 
(which  are  fixed)  do  not  revolve,  being  projections  from  and  part  of 
the  tixed  ring-gear  A  Fig.  7  (Plate  II),  referred  to  above,  shown  in  ele- 
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vation  at  the  center  of  gear  c  (Plate  I),  and  in  plan  at  both 'sides 
frame),  hold  the  arms  firmly,  clamp  them,  and  consequently  the  ring-geair 
of  which  they  are  parts. 

The  gear  c  (Plat^  I),  and  its  opposite  mate  are  keyed  firmly  to  sleeves 
that  project  m)m  and  form  part  of  the  box  e  (shown  in  detail  (Plat©  II) ^ 
Figs.  9  and  10),  and  its  mate  on  opposite  side^  all  of  which  is  shown  in 
section  (Fig.  2,  Plate  II).  The  gear  c  turns  the  box  e  around  the  fixed 
hollow  arm  or  arbor  and  system  of  gears  referred  to.  This  hollow  fixed 
arbor  forms  the  seat  of  the  spindle  of  the  arm  (Plate  II,  Fig.  12)  that  car- 
ries the  small  gears  A  and  C  (Figs.  3  and  4,  Plate  II).  The  lid  B  (Fig.  10, 
Plate  11)  of  box  e  (under-inside-face  with  ring-gear  shown  in  Fig.  10, 
carries  the  movable  ring-gear  (which  engages  with  the  small  gear  A, 
Fig.  4),  and  has  a  slol  across  and  through  its  center  for  the  block, 
Fig.  5,  to  slide  in.  This  block  passes  over  the  pin  attached  to  the  slide, 
Fig.  6,  on  the  face  of  the  small  gear  A  (Fig.  4.)  Fig.  8  show^  the 
crank-arm,  and  Fig.  11  the  link  which  connects  it  with  the  pin  passing^ 
through  the  block.  Fig.  5.  As  this  link  always  remains  over  and  par- 
allel with  the  slide  on  the  face  of  the  small  gear  Aj  the  direction  of  the 
force  of  the  work  on  the  pulley  a  is  always  through  the  center  of  ^id 
gear,  thus  fulfilling  the  condition  necessary  to  produce  the  result  stated. 
Fig.  1  (Plate  II)  shows  a  section  and  elevation  on  line  A  B  of  plan,  Plate 
I,  in  which  this  can  be  plainly  seen,  as  also  the  manner  in  which  all 
the  gears  of  the  system  engage. 
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Appendix  27. 

CONVERSION  OF  METRICAL  INTO  UNITED  STATES  MEASURES,  AND  VICE 
VERSA,  WITH  TABLES  ADAPTED  TO  A  COMPARISIJN  OF  OUR  OWN  WITH 
FOREIGN  GUNS. 

BY   LIEUT.   ROGERS   BIRXIE,   JR.,   ORDXANCK    r>KPARTMENT. 

The  frequently  recurriug  necessity  for  cbauging  tables  expressing  the 
dimensions,  weights,  and  power  of  foreign  guns  (other  than  British)  into 
their  equivalents  in  our  own  system  has  suggested  the  preparation  and 
compilation  of  these  tables  in  the  form  presented.* 

Some  of  the  tables  have  been  long  since  published  in  part,  or  in  another 
form,  but  such  have  been  generally  based  upon  values  for  the  meter  and 
kilogram,  which  the  latest  accurate  investigations  have  rendered  obso- 
lete; other  ot  the  tables,  if  ever  published,  are  not  generally  accessible. 
All  (except  table  M)  are  based  upon  the  value  of  the  meter  in  inches  and 
of  the  kilogram  in  grainn.  The  standard  inch  and  grain  of  the  United 
States  are  copies  of  the  British :  the  tables  therefore  also  express  the 
equivalents  of  metrical  in  British  met^sures. 

MEASURES  OF  LENGTH,  SQUARES,  AND  CUBIC   MEASURES. 

(Tables  A,  B,  and  C.) 

The  international  bureau  of  weights  and  measures  at  Paris  is  now  en- 
gaged in  de^rmining,  with  the  utmost  exactness,  the  relations  of  the 
French  standard  to  those  of  other  nations. 

Since  1868  the  United  States  Coast  Survey  Office  has  used  a  value  for 
the  meter  equal  to  39.370432  inches,  as  determined  by  an  extensive  series 
of  comparisons,  the  results  of  which  are  published  in  a  volume  entitled 
"  Comparisons  of  the  Standard  of  Lengths  of  England,  France,  Belgium, 
Prussia,  Russia,  India,  and  Australia,  made  at  the  Ordnance  Survey 
Office,  Southampton,  1806."  (See  also  a  paper  by  Lieut.  Col.  A.  K.  Clark, 
in  the  Philosophical  Transactions  for  1873.) 

Pending  the  result  of  the  investigation  at  Paris,  this  value  of  the 
meter  is  generally  accepted  by  scientific  men.    The  fact  that  the  meter 
is  standard  at  (PC.  (32^  F.)  and  the  yard  at  62^^  F.  has  been  taken  into  • 
account,  and  the  value  given  is  that  of  the  meter  in  inches  of  the  stand- 
ard yard. 

Tables  A,  B,  and  C,  like  all  the  remaining  ones,  consist  of  the  values 
of  each  denomination,  from  1  to  9  inclusive,  which  can  be  applied  to  all 
numbers,  by  decimal  multiplication  and  division;  as.  for  example: 

Convert  760  millimeters  into  inches— Table  A. 

Inches. 

700.U.U  =  27.5593 
60'""'=  2.36223 
7(;0mm  _  29.922 

"*  Germany,  Belgium.  Italy,  Spain,  Portugal,  Holland,  Greete,  aud  France  havo 
atlopted  the  metrical  syHtem  and  use  it  generally,  while  in  the  United  States  ifc8  u»e 
wa«  legalized  !)y  Congress  in  18(>6. 
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WEIGHTS.— (Table  D.) 

The  standard  troy  pouud  of  the  Tuited  States,  at  Philadelphia,  is  oar 
only  standard  of  weight;  it  is  an  exact  copy  of  the  imperial  troy  pound 
of  Great  Britain,  obtained  in  1827.  Elaborate  comparisons,  since  1855, 
of  this  troy  pound,  weighing  5,700  grains,  and  of  the  commercial  or 
avoirdupois  pound  of  7,000  grains,  derived  from  the  former,  with  copies 
of  similar  weights  from  the  standard  pound  of  Great  Britain,  have 
shown  that  there  is  less  than  ^^^oo  of  a  grain  diflferenee  between  the 
money  standards  (troy  weights)  of  the  two  countries.  fProf.  J.  Hil- 
gard  in  App.  22,  U.  S.  Coast  Survey  Report  for  1876.)  The  Britisb 
fiiandard  pound  avoirdupois  is  the  weight,  in  the  latitude  of  London,  of 
a  certain  piece  of  platinum  kept  in  the  exchequer  ofiBce.  (Kankine's 
Applied  Mechanics,  9th  ed.,  page  18.) 

In  the  Philosophical  Transactions  for  1856,  page  ^93  ei  fteq.j  is  pub- 
lished Prof.  W.  H.  Miller's  determination  of  the  weight  of  the  kilogram 
equal  to  15,432.34874  grains,  which  is  accepted  as  authoritative.  This 
value  has  been  used  in  the  preparation  of  Table  D. 

AIB-SPAOE  PER   ITNIT   OF    WEIGHT  OF    POWDER-CHARGE. — (Table   E.) 

In  the  metrical  system,  the  volume  of  the  chamber  and  bore  of  the 
gun  is  expressed  in  decimeter  cubes  (d.  c.)  or  liters.  The  space  in  the 
bore  (or  chamber),  in  rear  of  thd  projectile  in  place,  in  which  the  com- 
bustion of  the  charge  takes  place,  constitutes  the  nj/fwi/  roUune^  and  the 
final  volume  results  when  the  projectile  leaves  the  piece  and  the  inflamed 
gases  have  expanded  to  completely  fill  the  whole  of  the  bore.  The 
<lefinite  relation  between  the  powder  charge  and  the  initial  and  final 

volumes,  which  we  express  by  " cubic  inches  of  air-si»ace  to  the 

])Ound  of  powder,"'  is  in  that  system  expressed  by  '* decimeter 

<ubes  of  airspace  to  the  kilogram  of  powder."    Table  » enables  us  to 
convert  these  expressions. 

PRESSURE  OF  AN  ATMOSPHERE. — (Table  F.  i 

The  value  of  the  unit  atmosphere  (or  atmo.)  which  has  l>een  adopted 
in  the  metrical  system,  and  used  by  liegnault  in  his  investigations  to 
<letermine  the  relations  between  the  temperature  and  pressure  of  ga«es, 
is  the  pressure  of  760  millimeters  (29.922  inches)  of  the  mercurial  col- 
umn at  Qo  C.  (32^  F.)  at  Paris;  which  amounts,  in  that  latitude,  to-^ 
1.0333  kilograms  on  the  square  centimeter,  or  14.6907  pounds  on  the 
square  inch.  In  consulting  this  table  it  is  therefore  necessary  to  re- 
member that  it  deals  with  an  arbitrary  unit  atmosphere. 

The  Encyclopiedia  Britannica,  Vol.  Ill,  page  28,  9th  ed..  gives  as  an 
atmosphere,  in  the  English  system,  the  pressure  due  to  29.905  inches  of 
the  mercurial  column  at  32^  F.  at  London,  whiclu  atmosphere  thus  be- 
<*omes  0.99968  of  that  of  the  metrical  system.  Under  this  pressure 
(29.905)  distilled  water  boils  at  212^  F. 

Kankine  assumes  (page  69)  as  the  value  of  an  English  atmosphere  tho 
pi^ssure  due  to  29.922  inches  of  the  mercurial  column  at  32*^  F.,  which 
in  the  latitude  of  London  corresponds  to  a  pressure  of  14.704  pounds 
)»er  square  inch.  This,  it  will  be  observed,  Is  the  height  used  in  the 
metrical  system,  wliich  is  thus  indicated  as  the  universal  standard. 

There  are  two  ways  of  taking  such  a  standard.  1st.  If  the  absolute 
pressure  at  Paris^  due  to  76  centimeters  of  the  mercurial  column  at  0^ 
i\,  be  assumed,  then  if  we  would  have  the  same  absolute  pressure,  iu 
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taking  readings  of  the  barometer  for  pressurenj  in  a  different  latitude, 
allowance  must  be  made  for  a  difference  of  height  of  the  mercurial  col- 
umn, corresponding  to  the  difference  between  the  latitude  of  the  place 
of  observation  and  that  of  Paris. 

The  height  of  the  mercurial  column  at  (P  C.  giving  a  pressure  equiv- 
alent to  that  of  this  metrical  atmosphere,  can  be  computed  in  centime- 
ters by  the  following  expression : 

7g    (1  +  .00531  sin*  48^  50') 
1  +  .00531  siu^ /. 

for  any  latitude  /.*     (48^  50'  being  the  latitude  of  Paris.) 

Thus  we  have  for  New  York  City,  taking  /=40o  42'  43",  a  value  for  the 
exj)res6ion,  of  76.06314  centimeters=29.946  inches,  which  height  of  the 
mercurial  column  at  32^  F.  at  New  York  City  would  indicate  a  pressure 
equivalent  to  the  metrical  atmostphere  of  constant  pressure, 

2d.  On  the  other  hand,  assuming  (as  does  Kankiue)  the  universal 
standard  to  be  the  pressure  (wherever  taken)  due  to  29.922  inches  of 
the  mercurial  column  at  32^  F.,  then  the  absolute  pressure  of  this  unit 
atmosphere  at  New  York  would  equal  but  14.686  pounds  on  the  square 
inch,  which  is  0.999272  of  the  metrical  atmosphere  at  Paris.  It  may  be 
added  that  29.922  inches  of  the  mercurial  column  at  32^  F.  corresponds 
to  30  inches  at  57<^.8  F.;  the  reduction  to  32^  for  this  reading  being 
—0.078  of  an  inch  for  an  observed  reading  of  the  attached  thermometer 
of  57 -.8  F. 

BENDING-STRESS  PER  rNIT  OF   LENGTH. — (Table  Cf.) 

In  the  cage  of  a  uniformly  distributed  load,  or  of  a  pressure  tending 
to  bend  or  burst  open  a  structure,  this  table  enables  us  to  pass  from 
^' kilogramm«*s  to  the  centimetre''  to  ''pounds  to  the  inch,''  &c.,  and 
vice  versa. 

BTREss  PER  UNIT  OF  SQUARE  AND  CUBIC  MEASURES. — (Tables  H  and  I.) 

The  first  ot  these  tables  finds  its  application  especially  in  the  conver- 
sion of  expressions  giving  the  tensile  strength  of  materials,  wherein  we 
change  the  metrical  expression  in  '^  kilogrammes  to  the  square  milli- 
lu^tre*'  into  '"pounds  to  the  square  inch,''  otherwise  stated  simply  as 
" pounds  tensile  strength.''  The  two  tables  apply  to  the  conver- 
sion of  values  of  forces  of  compression ;  the  word  stress  being  used  to 
indicate  either  a  force  of  extension  or  compression. 

UNITS   OF   WORK   OR   ENERGY . — (Table  K.) 

This  table  gives  simply  the  equivalent  values  of  ''  kilogrammetres  " 
^      in  *' foot-pounds,"  and  *' tonnes-metres"  (sometimes  written  dynamodes) 
in  *' foot-tons.''    It  will  be  used  in  the  translation  of  abstract  quantities 
of  work  or  energy. 

ENERGY  OF  PROJECTILES. — (Table  L.) 

The  translation  of  expressions  for  total  energies  will  be  made  by  Table 

K,  while  in  this  series  (L)  we  pass  to  expressions  for  energies  of  pro- 

.  jectiles  in  terms  of  "units  of  the  shot's  circumference*'  and  "units  of 

"  Enc.  Brit., p.  556,  Vol.  XI. 
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tbe  nhoVa  croHS-sectioD.''  This  series  also  enables  us  to  translate  the 
proportion  of  the  total  energy  due  to  each  kilogram  of  the  powder- 
charge,  each  kilogram  of  the  ))iece,  or  each  kilogram  of  the  projectile, 
into  eqnivalent  denominations  in  our  own  system,  and  vice  versa.  Fur- 
ther, it  includes  a  translation  of  the  proportion  of  the  total  energ>'  due 
to  each  unit  of  the  terms  in  which  the  pressure  upon  the  bore  is  ex- 
pressed; as,  for  example,  ** tonnes-metres  (of  energy)  per  atmosphere  of 
pressure"  in  ** foot- tons  per  pound  of  pressure.'' 

In  Ordnance  Notes,  No.  XLV,  Maj.  (ieorge  W.  McKee,  United  Stat4i«i 
Ordnance,  has  already  called  attention  to  the  influence  of  the  local 

vaUie  of  the  force  of  gravity  (g)  in  using  the  formula  E=  ^^     (foot-note 

to  pnge  290),  which  is  employed  for  determining  the  energy  of  a  pro- 
jectile. In  connection  with  these  tables,  it  maybe  remarked  that  while 
they  translate  the  value  given  in  the  foreign  tables,  yet  the  values  thus 
deduced  may  not  always  be  strictly  comparable  with  each  other  or  witli 
our  own.  Tlie  practice  of  the  United  States  Ordnance  Department  is 
to  use  a  value  for  ,<7=32.2,  which  is  the  same  as  that  used  in  Great  Brit- 
ain ;  this  makes  the  published  tables  of  energy  directly  comparable  for 
the  two  countries,  but  slightly  underrates  the  local  power  of  our  own 
guns. 

The  French  use  the  value  of  g  at  Paris,  where  it  is  equal  to  9.81  me- 
ter8=32.185  feet,  which,  it  will  be  seen,  gives  slightly  greater  energies 
for  one  of  their  guns  than  we  publish  for  one  of  ours,  supposing  all  the 
values  entering  in  the  formula  (except  g)  to  be  the  same  for  the  two 
guns  under  comparison.  Small  changes  in  the  value  ofg  will,  however, 
make  little  practical  difference  in  the  published  results,  which,  for  ener- 
gies, are  usually  given  in  foot-tons  to  tenths  only. 

THERMOMETERS. — (Table  M.) 
This  table  presents  merely  a  tabulated  solution  of  the  formula 

5  4 

By  decimal  multiidication  and  division  it  can  be  applied  to  all  numbers, 
as  the  others.  In  passing  from  centigrade  or  B^aumur  to  Fahrenheit 
we  first  take  out  the  tabular  numbers  and  then  add  32;  in  the  reverse 
operation  we  first  subtract  32  from  the  Fahrenheit  degrees,  to  be  con- 
verted into  centigiwle  or  Reaumur,  and  then  take  out  the  tabular  num- 
bers oorresj)onding  to  this  remainder,  as,  for  example :  Convert  4^,1  C. 
into  F^ ;  from  the  table  we  have 

40.  C=7^.2  F 
.1**=     .18- 
4<^.lC=7<^.4F+32=39<^.4  F. 

or  iH>uverselv,  to  convert  62^  F.  into  C.-:  62-— 32-=30o,  and  from  tbe 
table  we  have,  30=16,7;  hence  62<^  F=16-:7  C. 

VNITS  OF  HEAT. — .Table  y.^ 

The  thermal  unit  centigrade  is  the  amount  of  heat  required  to  raise 
unit  mrtvS*  of  water  irv>m  0  to  1"^  C. 

This  table  exprt^ses  the  relation  between  the  amount  of  heat  required 
to  raise  OHf^  v\<  ;»m  w  ^2J}04t»  pounds^  of  water  from  0  to  1"  C.  (l-.S  F. . 
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and  the  amount  of  beat.required  to  i*aise  one  pound  of  water  1°  F.  (from 
32<^  to  33^"  F).  The  mechanical  equivalents  of  the  "  unit  of  heat  ^  in  the 
two  systems  bear  a  like  relation  to  each  other.  This  mechanical  equiv- 
alent, in  the  English  system,  is  the  number  of  foot-i>ounds  of  mechani- 
cal energy  which  must  l>e  expended  in  order  to  raise  the  temperature 
of  one  pound  of  water  one  degree.  For  Farenheit's  degree  that  quan- 
tity (Joule's  equivalent)  is  772  foot-pounds;  for  the  centigrade  degree f 
of  772=1389.6  foot-pounds.  If  we  replace  the  iK)und  by  a  kilogram 
(2.2046-f-]>ounds),  that  quantity  becomes  for  the  centigrade  degree  2.2046 
of  ^  of  772=3063.54  footpounds,  which  is  the  mechanical  equivalent  of 
the  metrical  unit  of  heat,  and  is  equal  to  423.55  kilogrameters. 

CONVERSION   OF  BAROMETRIC  READINGS. 

With  barometers  read  by  the  metrical  scale,  to  change  to  the  corre- 
sponding reading  in  inches,  we  have  only  to  change  the  number  of 
millimeters,  given  by  the  metrical  scale,  into  inches,  for  which  use 
Table  A ;  for  example,  a  reading  of  762  millimeters  is  given: 

700mm»27.5593  inches. 
60  •<  =  2.3622      " 
2  "  =     .0787      *< 


762»"°»= 30.0000  inches,  which  is  the  reading  in  inches. 

CO-EFFICIENT  OF  ELASTICITY  FOR  LONGITUDINAL  STRESS. 

This  in  metrical  tables  is  usually  expressed  in  terms  of  kilograms  per 
square  millimeter.  To  reduce  to  our  usual  expression,  which  (for  the 
weight  modulus)  is  in  terms  of  pounds  per  square  inch,  Table  H  will  be 
used,  and  we  have  only  to  take  from  that  table  the  number  of  << pounds 
per  square  inch,"  corresi)onding  to  the  number  expressing  the  metrical 
eo-efficient  of  elasticity ;  as,  for  example,  the  co-efficient  of  elasticity 
(metrical)  of  a  certain  specimen  of  cast  iron  is  expressed  by  the  num- 
ber 15,000.    From  Table  H  we  have: 

10,000  kilograms  to  the  mm. — c=14,223,078.6  pounds  to  the  square  inch. 
6,000        **  "    ^'     ''        "=  7,111,539.3      ''        "    "       "         « 

16,000  =21,334,618. 

which  expresses  the  corresponding  co-efficient  of  elasticity  for  this  piece 
of  metal  in  our  own  system. 

A  summary  of  all  the  unit  values  used,  with  their  logarithms,  pre- 
cedes the  tables  herewith  appended. 

ROGERS  BIRNIE,  Jr., 

lAeutenccnt  of  Ordnance. 

West  Point  Foundry, 

Cold  ^ring^  N.  T.,  May  15,  1882. 
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Table  E. — Air-space  per  unit  of  tceight  of  powder-charge. 


Metrical  into  United  States. 


D^cim^tre  cabes  of  air-space 
per  kilogramme  of  powder. 


2 

3 

4 

5. 

6 

7 

8 

0 


Cubic  inches  of 

air-space  per 
pound  of  powder. 


27.6806689 
55.  3613376 
83.0420064 
no.  7226752 
138.4033439 
166.0840127 
193. 7646815 
221. 4453503 
249. 1260191 


United  States  into  metrical. 


C  ubio  inches  of  air-space  per 
pound  of  powder. 


D6cim6tre  cubes 

of  air>8pace  per 

kilogramme  of 

powder. 

fl 

0.03612629 

2 

0.07225258 

3 

0. 10837887 

4 

0. 14450516. 

mx 

per>5 

0. 18063145 

r. 

6 

0. 21676775 

7 

0. 25288404 

• 

8 

0. 28901033 

[9 

0. 32513662^ 

Table  F. — Pressure  in  atmospheres. 


Metrical  into  United  States. 


United  States  into  metrical. 


Atmospheres  (met.  system) . 


Pounds  on  square 

inch. 

fl 

14  6967 

2 

29.3934 

3 

44.0901 

4 

m.  7868 

5 

73.4835 

6 

88.1802 

7 

102.8769 

8 

117.  6736 

9 

132. 2703 

Pounds  on  the  square  inch . 


Atmospheres  (met.  system). 


(1 
2 
3 
4 
5 
6 
7 
8 
9 


Tons  on  square 
inch. 


0.006561 
0.013122 
0.019683 
0.026244 
0. 032805 
0. 039366 
0.  045927 
c».  0.')2488 
0.  059049 


Tons  on  the  square  inch 


Atmospheres, 
(met.  system). 

fl 

2 
3 
4 

^5 
6 
7 

8 
19 

0.  06804245 
0. 13608490 
0.20412735 
0. 27216980 
0. 34021 22& 
0.4082547» 
0. 47629715. 
0.54433960 
0.  61238205. 

Atmospheres, 
(met.  system). 

fl 
2 
3 

4 

6 

7 

8 

19 

152. 4161 

304.8302^ 

457. 2453 

609.6604. 

762. 0754- 

914. 4905 

1066.  9056 . 

1219. 3207 

137L7358 

Metrical  into  United  States. 


Pablb  G. — Hendihg-stress  per  unit  of  length. 

United  States  into  metrical. 


f 

Kilogn^nmes  to  the  centi-lt 


mfttre. 


Tonnes  to  the  m^tre. 


[1 
2 
3 

4 
5 
6 
7 
8 
9 


Pounds  to  the 
inch. 


5.599687 
11. 199374 
16.799062 
22. 398749 
27.998436 
33. 598123 
39. 197810 
44. 797497 
50. 397185 


Tons  to  the  foot. 


0  29998 
0.50996 
0.89904 
L 19993 
1.49991 
L 79989 
2.09988 
2.39986 
2.69984 


Kilogrammes  to 
the  centimetre. 


Pounds  to  the  inch 


(1 
2 
3 
4 
5 
6 
7 
8 
9 


0. 1785814 
0. 3571628 
0. 5357442 
0.7143266 
0.8020070 
1. 0714884 
L  2500698 
L  4286612 
L  6072326 


Tonnes  to  the 
metre. 


Tows  to  the  foot. 


1 

3.83352 

2 

6.66704 

3 

10.00056 

4 

13.33408 

5 

16.66760 

6 

20. 00112 

1 

23.33464 

8 

26.66816 

9 

30.  00168 
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Table  I. — Stress  per  unit  of  cubic  measure. 


Metrical  Into  United  States. 


United  States  into  metrical. 


Kilogranimea  to  the  millime- 
tre cube. 


Pounda  t«   the 

* 

cubic  inch. 

fl- 

36126. 29167 

2. 

72252.58333 

3. 

108378. 87500 

4. 

144506. 16667 

5-1 

18063L  45833 

6. 

216757. 75000 

7. 

252884. 04167 

a 

289010. 83333 

9. 

325136.62500 

CilogninimeH  to  the  metre 
tube. 


Founds  to  the 
cubic  foot. 


Tonnes  <  1,000  kilos)  to  the 
metre  cube. 


ri  ' 

0.062426 

2.', 

0.124852 

3., 

0. 187279 

*•! 

0. 249705 

5.1 

0. 312131 

6. 

0. 374557 

7.' 

0.436984 

a. 

0. 499410 

1 9. 

0.561836 

Tons  to  the  cubic 

* 

foot. 

fl.' 

0.02787 

2.' 

0. 05574 

3. 

0. 08361 

4. 

0. 11148 

5. 

0. 13934 

6. 

0. 16721 

7. 

0. 19508 

8. 

0. 22295 

9. 

0. 25082 

Pounds  to  the  cubic  inch . 


Pounds  to  the  cubic  foot 


TouncH  to  the  cubic  foot. 


Kilogrammes  to 

the  millimetre 

cube. 

n. 

0. 00002768067 

2. 

0. 00005536134 

3. 

0.00008304201 

4. 

0.00011072268 

inch  ...< 

5. 

0. 00013840335 

6. 

0. 00016608402 

7. 

0. 00019376469 

8. 

0. 00022144536 

[9. 

0. 00024912603 

Kilogrammes  to 

the  mMre  cube. 

ri. 

16.0189 

1. 

;                   32.0878 

3. 

48.0567 

4. 

64.0756 

!foot...<  5. 

80.0945 

6. 

96.1184 

7. 

112.1323 

8. 

128. 1512 

[9. 

144. 1701 

Tonnes   to-  the 

m^cre  cube. 

CI. 

35.882 

2. 

71.764 

3 

107.647 

4. 

143.529 

!foot...«j5. 

179.411 

6. 

215.294 

7. 

251. 176 

8. 

287.058 

9. 

322.941 

T.\BLK  K. —  Units  of  tvoi'k  or  energy. 


Metrical  into  United  States. 


United  States  into  metrical. 


Kilogramm^tren 


Tonnes-mdtrea. 


Foot-pounds. 


(1  \  7.233075 

2  14.466150 

8  I  21.699225 

4  '  2a  932300 

5  ,  3a  165375 

6  '  4a  398450 

7  I  50.631525 

8  I  57.864600 

9  '  65.097675 


Foot- tons. 

I 
I 

r  1  a  2290518 

2  >    a  4581036 

3  9. 6871554 

4  12.9162072 

5  la  1452590 

6  19. 374^108 

7  22.6033626 

8  25.8324144 

9  29. 0614662 


Foot-iiounds 


(I 

2 

1 

5 

6 

7 

8 

u 

Foot  ton  8 


ri 

2 
3 
4 
5 
6 
I 

8 
9 


Kilogramra^tiTR. 


0. 13825377 
0. 2765(1755 
0.4I47613:i 
0.55:^01511 
0.  69126888 

0.  82952266 
0.96777644 
1. 10603022 

1.  24428390 


Tonnes  mHrcf*. 


0. 309688i:{ 

0.  61937686 
0.92906528 
1. 23875371 
1. 54844214 

1.  85813057 
2. 16781890 
2. 47750742 

2.  78719585 
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Table  L. — Energy  of  projectile. 


Metrical  into  United  States. 


United  States  into  metrical. 


Foot-pounds  per 
inch  of  circum- 
ference. 


Kilogramm^tres 
par  centimetre 
of  circumfer- 
ence. 


Kilosramm^tres    per   centi- 
metre of  circumference. 


2 
3 
4 

5 
3 

7 
8 
9 


18. 3718474 

36.  7436949 

55.1156423 

73.4873898 

91.  8592372 

110.2310847 

128.  6029321 

146. 9747796 

165. 3466270 


Fbot- pounds  per  incii  of  cir- 
cumference. 


1 
2 
3 
4 

5 
6 

7 
8 
9 


0.05443111 
0. 1C686222 
U.  16329334 
0. 21772445 
0.  27215556 
0.32658667 
0. 38101778 
0.43544690 
0.48988001 


Tonnes-m(ftrea  per  centime- 
tre of  circumference. 


ri 

2 
3 
4 
6 
6 
7 
8 
9 


Foot-tons  per 
inch  of  circum- 
ference. 


8.20m7 
16. 403434 
24. 605151 
32.806868 
41.008585 
49. 210302 
57. 412019 
65. 613736 
73.815453 


Foot-toDsper  inch  of  circum- 
ference. 


Tounea  •  metres 
per  centime* 
tre  of  circum- 
ference 


r  1  0. 12192S 

2  0. 243851 

3  0.365777 

4  0. 4877U2 

5  0.600628 

6  0. 731554 

7  0.853479 

8  '  0.975405 

9  L  097331 


Foot -tons  per 
square  inch  of 
cross  section. 


Tonnes  •  mdtres 
percentimMre 
carr6  of  cross- 
section. 


Tonnea-mt^tres  per  centime- 
tre carr6  of  cross-section. 


fl 
2 
3 

4 
5 
6 
7 
8 
9 


20. 832173 

4L  664346 

62.496519 

83.328692 

104. 160865 

124.993038 

145.  825211 

166.  657384 

187. 489557 


Foot-tons  per  square  incli  of 
cross-section. 


(1 
2 
3 

4 
5 
6 
7 
8 
9 


0.0480027 
0.0960053 
0.1440080 
0. 1920107 
0.2400133 
0.2880160 
0. 3360187 
0.  3840214 
0. 4320240 


Foot-pounds  per 

Sound  of  pow- 
er, piece,   or 
projectile. 


Kiloerammetres 
per  K  ilogramme 
of  powder,  piece, 
or  projectile. 


Kilogrammetres  per  kilo- 
gramme of  powder,  piece, 
or  projectile. 


ri 

2 
3 

4 
5 
6 
7 
8 
9 


a2808693 
6.5617386 
9. 8426079 
13. 1234772 
16.4043465 
19.68521.58 
22.9660851 
26.2469544 
29.5278237 


Foot-pounds  per  pound   of 
powder,  piece,  or  projectile. 


(I 
2 
3 
4 

5 
6 
7 
8 
9 


0.3047072 
0.6005944 
0. 9143916 
1.  210188H 
1.5239860 
L  8287783 
2.1385805 
2.4383777 
•2. 7431749 


Foot -tons  per 
pound  of  pow- 
der, piece,  or 
projectile. 


Tonnes  -  mdtrea 
per  kilograinme 
of  powder,  piece, 
or  projectdle. 


Tonnes-metres  ptr  kilo- 
grunme  of  powder,  piece, 
or  projectile. 


1 
2 
3 
4 

5 
6 

7 
8 
9 


1.46467 

2.92935 

4.  39402 

.5.85869 

7.32337 

8.78804 

10.  25272 

11.71739 

13.18207 


Foot-tons  per  pound  of  pow- 
der, piece,  or  projectile. 


(1 
2 
3 
4 
5 

I? 

I  8 
19 


0.68275 
1.36549 
2.04824 
2.78098 
3.41873 
4.09647 
4.77922 
5.46197 
6.14471 
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Table  L. — Energy  of  projeoUle — Continued. 


Tonnes-iu^tres   per    atmos-je 
phere  of  pressure. 


Foot-tons  per 
pound  of  press- 
ure. 


(1  0.219712 

I  2  0. 439424 

I  3  0.  659136 

0.878848 
1.098560 
I  6  1. 318272 

7  1. 537984 

I  8  1.  757696 

i  9  1.  977408 


Tonnes  -  metres 

per  atmosphere 

of  pressure. 

(I 

2   ! 

4.5514 

9.1028 

1  3 

13.6542 

Foot-tous   per    pound 

ort 

18.2056 
22. 7570 

preasure. 

6 

27.3084 

7 

31.8598 

8 

36. 4112 

[9  ■ 

40.9626 

Table  M. — Thennometera, 


Centigrade  degrees  into  Fahrenheit. 


Fahrenheit  degrees  into  centigrade. 


Centigrade  degrees 


(1 
2 
3 

4 
5 
6 
7 
8 
9 


Fahrenheit    de- 
grees. 


1.81 

3.6 

5.4 

7.2 

9.0 

10.8 

12.6 

14.4 

16.2J 


^+32   '  Fahrenheit  degrees— 32. 


" 

Centigrade    de- 

grees. 

(I 

0.55555 

2 

1.  mil 

3 

L  66666 

4 

2.22222 

<5 

2.77777 

6 

3.33333 

7 

3.8888a 

8 

4.44444 

19 

4.99999 

K^anmur  degrees  into  Fahrenheit. 


Fahrenheit  degrees  into  Reaumur. 


K6«amnr  degrees 


ri 

2 
3 
4 

5 
6 

7 
8 
9 


''ahrenheit 

de- 

grees. 

2.26] 

4.50 

6  75 

9.00 

n.25 

[+32 

13.50 

15.75 

18.00 

20.25, 

Fahrenlieit  degrees— 32. 


I 

2 

3 
4 
5 
6 
7 
8 
19 


K6aamar  de- 
grees. 


0.44444 
0.88888 
1. 3333.'l 
1. 77777 
2.22222 
2.66666 

a  mil 

3.55555 
4.00000 


Table  }f.— Units  of  heat. 


Metrical  into  United  States. 


Metrical  units  of  heat  (ca- 
lorie). 


fl 
2 
3 
4 
5 
6 
7 
8 
9 


United  States  into  metrical. 


United     States 
units  of  heat. 


3.  96831835 
7.93663670 
11. 90495505 
15. 87327340 
19.  84159175 
28. 80991010 
27.  77822845 
3L  74654680 
35. 71480515 


U.  S.  units  of  heat 


Metrical    units 

of  heat 

fl 

0. 25199503 

2 

0. 50399186 

3 

0.75608779^ 

4 

L  00798372 

5  • 

L  25097965 

6  , 

L  51197568 

7  ' 

1. 76397161 

8 

2. 01596744 

9 

2.26796337 

Appendix   28. 

DETERMINATION  OF  THE  ACCURACY  OF  SMALL-ARM  FIRING. 

(Three  plates.) 

Frankford  Arsenal, 

March  31, 1880. 

Sir:  In  accordance  with  your  instructions  to  consider  some  ready 
graphical  determinations  of  the  accuracy  of  small-arm  firing,  I  have  the 
honor  to  report  that  I  have  discovered  a  more  prompt  and  accurate 
method  of  computation  than  even  the  excellent  plan  devised  and  de- 
scribed by  Captain  Prince  in  Ordnance  Memorandum  Fo.  8,  p.  38. 

Notwithstanding  its  simplicity,  this  requires  about  half  an  hour's  time 
to  compute  an  ordinary  mean  absolute  deviation,  which  even  then,  in 
spite  of  the  proving  system  devised  by  Captain  Prince,  may  be  wrong; 
and  which,  though  I  hesitate  to  assert  it,  when  obtained  is  only  an  ap- 
proximate and  imperfect  measure  of  the  accuracy  of  fire. 

These  seem  rash  assertions,  but  they  can  be  proved  by  referring  to  a 
recent  experience  of  my  own. 

I  had  to  compute  a  dozen  targets  of  ten  shots  each,  from  firing  Lowell 
ammunition  in  comparison  with  the  service. 

Although  in  doing  this  both  my  assistiant  and  myself  were  experi- 
enced in  the  work,  the  two  following  errors  were  made,  neither  of  whicU 
would  have  been  discovered  but  for  comparison  with  the  process  to  be 
described  further  on. 

In  the  first  place,  in  measuring  or  in  setting  down  the  position  of  one 
of  the  shots,  its  co-ordinate  was  called  8.75  when  it  should  have  been 
7.75.  This  mistake  is  found  in  practice  not  unusual,  but  it  is  a  grave 
one,  since  the  measured  co-ordinates  so  transcribed  become  the  basis  of 
the  entire  computation,  being  no  longer  checked  by  reference  to  the 
target  diagram.  This  diagram,  being  the  photographic  reproduction  of 
the  target,  is  to  all  intents  the  target  itself,  as  far  as  measurements  are 
concerned. 

Besides  this  cause  of  error,  there  is  another  one  of  computation  which 
is  so  involved  with  the  proof  as  to  escape  detection.  An  example  is 
shown  in  the  target  record  sent  herewith,  in  which  the  mean  horizontal 
deviation  is  obtained  by  the  following  operation  (42.85—37.68)  -t-5=1.03; 
and  the  operation  is  proved  as  follows,  viz :  ( — 19.95  -f  25.12)  -i-  5  =  1.03. 

But  if,  as  happened  to  me  once,  we  happen  to  put  down  the  product 
of  the  "C  of  I  by  No.  of  ±  co-ordinates"  in  the  wrong  place,  the  proof 
still  seems  to  come  out  right,  viz :  (42.85  —  25.12)  -r-  5  ==  3.54 ;  or  for  proof 
<— 19.95  +  37.68)4-5  =  3.54,  which  seems  to  be  correct,  but  is  really 
wrong. 

This  failure  of  the  proof  does  not  always  obtain ;  but  it  may  frequently 
occur  that  results  are  obtained  by  this  inversion  which  are  so  nearly 
alike  that  their  differences  may  readily  be  attributed  to  the  neglect  of 
remote  decimals  in  the  preliminary  computations. 

Granting  the  correctness  of  the  computations  of  the  mean  vertical 
and  horizontal  deviations,  which  are  undoubted  aids  in  analyzing  causes 
of  inaccuracy,  we  proceed  ordinarily  to  combine  them  in  the  mean  abso- 
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late  deviation  as  the  (inverse)  measare  of  accuracy.    It  is  to  this  quan- 
tity that  our  attention  is  generally  confined. 

The  mean  absolute  deviation  is  graphically  the  hypothenuse  of  a 
right-angled  triangle,  of  which  the  co-ordinate  deviations  are  the  sides. 

Without  considering  the  absurdity  of  calling  that  an  absolute  quan- 
tity which  is  capable  of  expressing  the  relation  between  an  infinite  number 
of  the  co-ordinate  deviations  on  which  it  alone  depends,  since  the  same 
hypothenuse  will  satisfy  any  value  of  the  coordinate  from  {x=0*,  y= 
a+h)  to  (y=0;  x=a+h),the  question  remains  as  to  what  we  have  at 
last  obtained  as  the  fruit  of  a  really  considerable  labor. 

I  reply,  a  quantity  which  has  no  meaning  except  as  an  obscure  rela- 
tion between  two  valuable  and  independent  measures,  the  importance 
of  which  is  generally  lost  sight  of  in  the  specious  convenience  of  the 
result.  Is  it  not  a  mistake  to  have  that  as  a  measure  which  can  only 
be  explained  by  first  defining  two  other  quantities  and  then  describing 
it  as  the  way  of  expressing  one  of  the  relations  between  them?  As  5 
one  were  required  to  form  an  idea  of  a  certain  ellipse  only  from  the 
length  of  the  chord  joining  the  extremities  of  its  principal  axes. 

I  confess  to  an  error,  p.  29,  descriptive  pamphlet  U.  S.  small  arms, 
where  the  mean  absolute  deviation  is  defined  as  the  average  distance 


A 


of  the  shot  marks  from  the  center  of  the  cluster  which  they  form.**  This 
is  properly  the  mean  radial  deviation  or  the  "string"  referred  to  its 
new  origin.*  From  the  natural  dispersion  of  the  shots  this  happens  to 
be  often  nearly  equal  to  the  *'mean  absolute  deviation,"  though  bearing 
no  constant  relation  to  it.  !■»»«• 

The  effective  diflerence  in  the  two  systems  of  measurement  may  be 
seen  by  considering  the  two  supposititious  targets  of  four  shots  each 
below.    In  both  cases  every  shot  is  supposed  to  be  at  one  foot  from  the 

*NoTE,  1882. — ^This  is  now  termed  the  **  radius  of  the  circle  of  shots." 
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center  of  impact.  In  case  A  they  are  arranged  on  the  vertical  and  hori-" 
zontal  axes,  and  in  case  B  on  their  diagonal. 

Fow  these  targets  are  to  all  intents,  as  far  as  hitting  a  distinct  object 
is  concerned,  the  same,  and  one  wonld  say  as  the  measnre  of  either  tar- 
get that  the  shots  struck  on  the  average  (in  these  cases  invariably) 
within  a  foot  of  the  center  of  impact,  or  that  their  mean  radial  deviation 
was  one  foot. 

But  instead,  the  mean  absolute  deviation  of  target  A  is  now  de- 
termined as  follows:  we  say  that  as  its  mean  vertical  deviation  is 


1  +  1-, 


iy  and  its  mean  horizontal  deviatiori  the  same;  therefore  the 


4 
mean  absolute  deviation  is 

Now  in  target  B  the  mean  vertical  and  horizontal  deviations  are  also 

2  8 
e\idently  equal  to  each  other,  and  each=  ^  =0.7=  V  j,  hence  the  mean 

absolute  deviation  of  target  B=  -v/j+J=l,  which  is  43%greater  than 

the  same  measure  for  the  precisely  similar  target  A. 

In  the  cade  of  target  B  the  mean  absolute  and  mean  radial  deviations 
are  equal  to  each  other.  So  it  appears  that  according  to  the  present 
system  the  value  of  the  target  is  affected  by  the  way  in  which  we  look 
at  it,  or  by  the  position  of  the  axes  to  which  it  is  referred. 

The  action  of  the  force  of  gravity  naturally  determines  one  of  these 
directions,  and  hence  that  of  the  other  axis;  this  is  right  so  long  as  they 
are  separately  considered,  but  they  cannot  properly  be  combined. 

The  use  of  the  little  measuring  wheel  or  opisometer,  figured  and  de- 
scribed in  Ordnance  Note  86  (Plate  IV,  p.  681*)^  serves  to  save  much  la- 
bor and  time  in  the  computation  and  to  make  it  more  accurate;  for,  as 
before  said,  all  errors  of  transcription  are  eliminated,  the  result  being  the 
same  as  if  the  target  itself  were  measured  every  time. 

With  a  wheel  much  cruder  in  design  I  have  been  able  to  compute,  in 
five  minutes,^targets  which  took  experienced  calculators  half  an  hour; 
and  in  so  doing  to  correct  each  of  the  errors  of  the  ordinary  method 
above  described  as  likely  to  occur. 

Since  the  camera  giving  the  target  diagram  is  so  adjusted  as  to  give 
an  image  ^th  that  of  the  target,  and  since  the  measuring  wheel  is  di- 
vided to  a  decimal  scale  of  inches,  it  follows  that  the  readings  of  the 
measuring  wheel  may  be  taken  as  those  of  the  target  on  a  decimal  scale 
of  feet. 

The  operation  of  the  wheel  is  as  follows :  With  the  wheel  set  at  0,  place 
the  pointer,  say  on  shot  marked  Ko.  6  of  the  target  diagram  herewith, 
and  run  the  wheel  down  to  the  horizontal  line  l^o.  7,  as  shown  by  the 
dotted  lines.  Lift  the  wheel  from  the  paper  and  repeat  the  operation 
on  shots  No.  10,  No.  8,  and  so  on  in  succession,  calling  1,  2,  3,  &c.,  as 
you  go  on,  so  as  to  make  sure  of  measuring  them  all.  When  this  is  done 
add  the  reading  of  the  wheel,  in  this  case=26''.2,  to  10  times  7";  the 
sum  divided  by  10  gives  9''.62,  which  is  the  vertical  co-ordinate  of  the 
center  of  impact  referred  to  the  principal  axes  of  the  target.  The  dif- 
ference between  this  and  the  corresponding  vertical  cooMinate  of  the 
point  aimed  at  (not  necessarily  the  center  of  the  target)  gives  the  verti- 
cal deflection.  To  prove  the  operation,  turn  the  paper  180^  and  run  the 
wheel  from  each  shot-mark  down  to  horizontal  line  No.  12.    The  read- 

•Also  Report  Chief  of  Ordnance  U.  S.  A.,  187tf,  p.  139. 
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ing,  which  should  be  23'^8  added  to  10  times  3^',  will  give  10  times  the 
complement  of  the  first  co-ordinate ;  or  else,  as  it  is  an  entirely  independ- 
ent process,  repeat  the  operation. 

To  get  the  horizontal  co-ordinate  of  the  center  of  impact,  repeat  the 
same  operation  horizontally  from  each  shot-mark  successively  to  the 
vertical  line  Ko.  4.  The  sum  of  these  distances  =  22''.8,  to  which  add 
10  X  4"  =  40"  and  divide  by  10,  and  you  get  6".28  for  the  horizontal 
co-ordinate  of  the  center  of  impact,  from  which  the  horizontal  deflection 
can  be  arrived  at  as  before  for  the  vertical  deflection. 

Having  thus  determined  the  position  of  the  center  of  impact,  plot  it, 
and  run  the  wheel  from  each  shot  to  the  center;  the  final  reading  di- 
vided by  the  number  of  shots  will  give  the  mean  radial  deviation. 

The  mean  vertical  and  horizontal  deviations  may  be  obtained  by 
drawing  horizontal  and  vertical  axes  through  the  center  of  impact,  and  / 
then  taking  with  the  wheel  the  sum  of  the  distances  of  the  shot-marks 
above  and  helow  the  horizontal  axis,  and  to  the  right  and  left  of  the  ver- 
ticalaxis  respectively.  For  an  ordinary  targetof  10  shots  these  distances 
can  be  laid  off  directly  by  running  the  wheel  backwards  over  the  bound- 
ary line  of  the  diagram  from  the  origin  along  the  axes  of  x  and  y  re- 
spectively, after  each  series  of  measurements  above  described. 

By  joining  the  points  where  the  wheel  stops  by  a  straight  line  we  ob- 
tain a  graphical  representation  of  the  mean  absolute  deviation,  which, 
measured  by  the  wheel,  gives  that  quantity  directly,  multiplied  by  10. 
This  process  ^,voids  errors  of  reading  and  computation  and  is  more  rapid 
thanfiguringeach  co-ordinate  variation  separately.  It  has  also  been  found 
very  useful  as  a  ready  demonstration  to  the  eye,  while  running  over  a 
large  number  of  target  diagrams,  of  the  principal  causes  of  deviation. 
For  example,  in  a  series  of  comparative  firing  between  two  kinds  of  am- 
munition, the  accuracy  in  each  case  being  practically  the  same,  the  fact 
that  in  one  series  this  line  made  a  notably  more  acute  angle  with  the 
axis  of  y  than  it  did  in  the  other  series,  showed  at  once  that  its  inac- 
curacy was  largely  due  to  inequality  in  the  powder,  afterwards  found  to 
result  from  its  deterioration  by  the  melting  of  the  lubricant. 

It  is  needless  to  say  that  instead  of  the  wheel  a  paper  tape  may  be 
used;  also  that,  instead  of  referring  the  center  of  impact  to  the  edges  of 
the  target,  any  nearer  origin  may  be  taken. 

The  former  method  of  reference  is  preferred,  as  in  practice  it  can  be 
applied  with  less  risk  of  error  in  tabulating  the  results  of  the  computa- 
tion, particularly  if  the  co-ordinate  deflections  of  the  center  of  impact 
from  the  point  aimed  at  be  considered  in  their  relation  to  the  effects  of 
wind  and  weather. 

I  submit  herewith  one  of  Captain  Prince's  forms  of  target  record  filled 
up,  to  show  the  figuring  which  the  method  I  propose  is  intended  to  save ; 
this  record  applies  to  the  same  target  diagram  heretofore  referred  to. 
Also  a  table  showing  the  relation  between  the  present  method  of  com- 
putation and  that  which  is  proposed  for  a  certain  number  of  actual  tar- 
gets. This  shows  that  whUe  there  is  no  fixed  ratio  between  the  two 
measures  for  the  same  target,  the  new  method  will  be  about  10  per  cent, 
numerically  greater. 

In  conclusion,  I  would  say  the  principal  advantage  of  the  method  of 
direct  measurement  herewith  proposed  consists  in  the  encouragement  its 
simplicity  affords  to  the  frequent  direct  testing  of  the  accuracy  of  our 
daily  product  of  ammunition,  instead  of  the  inferential  determination  of 
this  quality  from  the  uniformity  of  its  initial  velocity  and  its  other  ballis- 
tic properties. 
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Benicia  Arsenal,  May  2, 1882. 

I  append  herewith  an  interesting  mathematical  discussion  by  Capt. 
O.  E.  Michaelis  on  the  relation  between  the  mean  absolute  deviation 
and  that  above  proposed  and  now  adopted  under  the  name  of  the  radius 
of  the  circle  of  shots;  also  a  description  of  the  method  of  constructing 
the  target  mask  referred  to  in  Ordnance  Note  171. 

The  completion  of  the  above  matters  has  been  delayed  for  a  year  by 
my  sickness. 

Very  respectfully,  your  obedient  servant, 

HENRY  METCALFE, 

Captain  of  Ordnance. 

Co-ordinates  from  target  diagram  Xo,  14,  March  26,  1880. — {Prince'ff  Method.) 


Vertical. 


Hori- 
zontal. 


Shot  No.  1 a  35 

Shot  No.  2 -1-9. 65 

Shot  No.  3 1  4-11.20 

Shot  No.  4...  I i  -HlO.90 

Shot  No.  5 !  +1L10 

Shot  No.  6 9.40 

Shot  No.  7 1 +10.90 

Shot  No.  8 7.70 

Shot  No.  9 1        8.65 

Shot  No.  10 1        a  45 


Footing; 

Divided  by  10  ^m  center  of  Impact j 

Footing  of  -f  oo-ordinates* 

C.  of  L  X  nrnnber  of  +  co-ordinates . . 
Difference  •«-&!"■  mean  deviation  .... 

Proof:  Footing  of—  co-ordinates 

C.  of  I.  X  number  of—  co-ordinates. . 

Difference  •«-  5^  =>  same  as  above 

Square  of  mean  vertical  deviation 

Square  of  mean  horizontal  deviation  . 

Sum  of  the  souares 

Square  root  oi  sum  of  the  squares  or 
mean  absolute  deviation 


96.20 

9.62 

53.75 

48.10 

1.13 

42.45 

48.10 

1.13 

127.69 

106.09 

233.78 

1.53 


+8. 45 

-f7.45 

4-6.55 

.  +7.70 

I      5.7i 

I      4.25 

I '+6. 40 

i       5.00 

+6.30 

I      5.00 

I     62.80 

6.28 

42.85 

I    37.68 

1.03 

19.  95 

25.12 

1.03 


9.62 
7.50 


2.12 


6.28 

7.60 


Co^>rdinate6  of  center  of  impaot« 
Co-ordinates  of  point  sighted. 


1. 22  I  Differences  =  deDections. 


'The  plus  co-ordinates  exceed  the  coK>rdinates  of  center  of  impact;  all  others  .ire  minu«. 

t  Or  half  the  number  of  shots. 

;  The  snbtension  in  minutes  per  foot  of  800  and  500  yard  targets  respectively. 

Comparison  of  both  methods  from  practice,  March  26,  l^bO. 
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0.49 
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0.9S 

1.07 

'^ 

7 

1.0» 

8 

B 

9.20 

8.74 

1.09 

1.17 

1.60  , 

L78 

1.11 

9 

B 

11.06 

7.12 

0.83 

1.08 

1.36 

1.58 

1.16 

10 

B 

9.47 

8.33 

1.28 

1.08 

1.68 

1.87 

1.11 

11 

B 

10.05 

7.34 

1.05 

1.08 

1.50 

1.63 

1.09 

12 

B 

10.12 

7.30 

1.52 

1.29 

l.»9 

2.23 

1.12 

J3 

A 

10.52 

7.46 

0.56 

0.89 

1.05  1 

1.13 

1.08 

14 

B 

9. 62 

6.28 

1.13 

1.03  1 

i.5:{  ' 

1.60 

1.10 

15 

B 

9.72 

•    5.37 

0.58 

0.97 

1.  la 

1.2:1 

1.09 

16 

B 

9.76 

7.43 

0.88 

1.23 

\.h\ 

1.65 

1.09 

17 

B 

10.42 

6.66 

1.08 

1.43 

1.70 

1.9*. 

1.09 

18 

A 

11.85 

6.61 

0.85 

0.77  , 

1.  r. 

1 

1.  3.*. 

1.16 

1 
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Appendix  I. 

INVESTIGATION  OP  THE  BEL ATIVB  VALUES  OP  E,  CALLED  "  THE  RA- 
DIUS OP  THE  CIRCLE  OP  SHOTS,"  AND  D,  CALLED  THE  MEAN  ABSO- 
LUTE DEVIATION. 

Let  Bi  B2 : B«  represent  the  distances  of  the  individual  shots 

from  the  "center  of  shots;"  Xi  x^ ^%jy\y% y«  their  rec- 
tangular co-ordinates,  or  the  horizontal  and  vertical  deviation  or  error 
of  each  shot,  «  the  number  of  shots,  we  have  then — 


(1)     B^Ri+Ba +B.^2:  Vx»+y» 

,o>    T._  V(x,+X2 +x,)^+{y+y2 +y.?_  V{SxY+{Iy)* 

An  inspection  of  these  expressions  shows  that  R,  "  the  radius  of  the 
circle  of  shots,"  or  "the  mean  distance  from  center  of  impact,"  is  also 
the  "mean  absolute  deviation;"  and  that  D  is  the  mean  geometric  devia- 
tion, for  it  is  simply  the  hypothenuse  of  a  triangle  whose  sides  are  re- 
spectively the  mean  horizontal  and  vertical  deviations.  In  this  sense 
these  expressions  are  used  in  the  Aide-Memoire  and  by  von  Ploennies, 
the  continental  authorities,  and  in  our  own  "  Small  Arms,"  1856,  pp. 
19-24;  the  term  "mean  absolute  variation"  is  also  applied  correctly. 

Squaring  equations  1  and  2,  we  have — 

««  R'=r(R,)=Ri^-f  R2»  . .  .  +B,,^+i:2  (R,Ri), 
^jy^^xi'+x^^  .  .  .  +jr.2+yi2+y2»  .  .  .  +y^'{'2:{2x.x^)+S{^y.y{), 
=Ri«R2^ .  . .  1^.^+1  (2 x,x,)+I{2y,y,)j 

in  which  S  represents  the  sum  of  similar  quantities.    Hence — 

(3)  «^R*-««D«=2:(2R.Ri)-(2:(2^.arO+'^{2y.y,)> 

Now  if  I  {2  R.  Ri)  >  r(2  a?,  Xi)+ 1  (2  y^  y,)j  it  follows,  of  course,  that  R  >  D. 
But  this  is  true  provided  each  term  of  the  series  I  (R,  Ri)  is  greater 
than  the  sum  of  the  corresponding  terms  of  the  series  2"  (a?»  xi)  and  I  (y,  yj), 
respectively.    We  should  have,  therefore — 

(4)  RiRa>a?iap2-fyiy2. 
But                               Rx»  Ra*=(^i*+yi*)  (xz^+yi") 

=a?i«  x2*+xi^  y2*+^2*  yi*+y\*  yf\ 

adding  and  substracting  2  a?i  a?2  yi  yj,  we  have — 

(5)  R,»  Ra«=a?i»  xf-\-2  xx  x^—yx  y%+yi^y^+x^  y^-2  xx  X2  yi  y%+Xi^  yi\ 
in  which  the  arrangement  of  the  terms  is  arbitrary;  hence — 

(6)  Ri  Rj,=  y/{xi  a?2+yi  3^2)*+ (^1  y2—X2  yxf. 
21  OBD 
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hence  Bi  Bj  >  Xi  X2+tft  Vii  and  as  this  is  general^  we  have — 

(7)  ^(B.B,)>J(x.a^)+r(y.yO, 

and,  of  course,  B  >  D. 

When  ^iy«--J^yi^o  in  /^v  then— 

El  E,=ari  ast+jfi  y,,  and  D=B; 
and  this  occurs  when  the  shots  lie  on  the  same  radins  sector  for — 

^ixt+yiyt    ^      yiyg       ' 

_tan  g— tan  ^ 
~"l+tan  a  tan  ^* 

when  p  and  a  are  the  angles  made  by  Bi  and  Bj  with  the  axis.    Hence- 
tan  (a— ^)=0,  and 

As  this  special  case  can  never  arise  in  practice,  it  follows  that  the  ^*  ra- 
dios of  the  circle  of  shots'^  is  always  greater  than  what  we  have  latterly 
called  the  ^^mean  absolute  deviation." 

Eqnation  (3)  shows  that  only  in  one  case  does  the  difference  between 
B  and  D  become  a  minimum,  and  that  occurs  when  they  are  equal;  but 
that  it  can  never  become  a  maximum,  for  both  B  and  D  are  functions  of 
X  and  y,  and  S  (2  a?,  x^) + '^  (2  y.  yt)  can  be  zero  only  when  x  and  y  are  zero, 
which,  of  course,  also  makes  B  and  D  zero. 

O.  E.  MICHAELIS, 

Captain  of  Ordnance, 
To  Capt.  Hbnby  Metcalfe, 

Ordnance  Corps. 


Appendix  II. 

DESCEIPTION  OP  THE  METHOD  OP  CONSTRUCTING  A  MASK  FOE  THE 

PIBINO  GROUND  AT  FRANKPORD  ARSENAL. 

The  necessity  of  some  such  contrivance  arose  when  a  citizen,  while  in 
a  boat  upon  the  Delaware  Biver  some  3(P  out  of  the  plane  of  fire,  was 
accidentally  shot.  The  marksman  was  firing  at  a  temporary  target  in 
line  with  the  main  iron  target,  but  the  last  shot  of  a  series  of  20 glanced 
from  one  of  the  uprights,  and,  after  going  200  yards,  pierced  obliquely 
the  unfortunate  fisherman's  thigh. 

To  make  the  firing  perfectly  safe,  therefore,  it  was  required  to  pro- 
vide means  of  intercepting  all  bullets,  except  those  which  would  cer- 
tainly hit  the  target,  and  to  do  this  without  limiting  any  existing  con- 
veniences.   The  readiest  mode  of  doing  this  was  by  the  use  of  an  iron 
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mask  or  shield  provided  with  proper  ports  for  aimin^c  through  and  for 
the  passage  of  the  bullets.    It  was  constructed  and  placed  as  follows : 

Templets,  representing  the  trajectories  of  the  rifle  and  carbine,  were 
consti'ucted  from  official  data  and  used  as  follows:  Differences  in  con- 
vexity due  to  excessive  elevations  were  neglected.  [Plate  I.J  A  profile 
line  was  run  from  e,  the  muzzle  of  the  gun  in  the  fixed  rest,  to  the  500- 
yard  target  4.7.  From  e  was  drawn  the  carbine  trajectory  el  and  the 
rifle  trajectory  e  4.  On  the  line  a  c,  representing  the  back  wall  of  the 
firing-house,  was  laid  off  o  &=5  feet,  representing  the  eye  of  a  person 
say  5'.30  tall.  From  this  h  4  was  drawn  intersecting  trajectory  e  4  at  /^. 
This  gives  the  distance  of  the  mask  from  the  firing  point,  for  by  con- 
struction the  shortest  spectator  standing  in  the  most  unfavorable  por- 
tion of  the  firing-house  behind  the  firer  can  still  observe  the  effect  of 
the  fire  through  the  aperture  above  h  left  for  the  passage  of  the  bulletH. 

Drawing  the  vertical  line  mhf  gives  the  intersection  </,  and  the  line  7  g 
prolc^ged  strikes  the  back  wall  at  a,  allowing  a  spectator  6^25  tall  the 
same  convenience  as  before. 

This  aperture  g  h^  therefore,  allows  the  passage  of  all  bullets  to  any 
point  of  the  target  from  the  flattest  trajectory — that  of  the  rifle — to  the 
most  curved  one — that  of  the  carbine;  and  also  affords  as  good  a  view 
of  the  result  of  the  fire  as  can  be  desired.  Then  the  mask  can  be  ex- 
tended vertically  to  /  and  Ij  and  also  horizontally,  as  far  as  is  thought 
necessary  for  safety.  All  bullets  fired  from  e  must  then  either  strike 
the  target  or  be  stopped  by  the  mask.  But,  as  by  accident,  a  rifle  bul- 
let might  be  fired  through  the  hole,  just  grazing  the  upper  edge  at  ^, 
and  hence  passing  over  the  upper  edge  of  the  target  beyond,  the  target 
is  extended  vertically  by  a  light  iron  screen,  7.8,  projected  to  meet  the 
rifle  tr^ectory  e  g  Sj  and  the  protection  vertically  is  complete.  The 
straight  lines  e  4  and  e  7  determine  the  aiming  port  As  the  target  is 
square,  this,  too,  will  be  square,  and  the  width  of  the  target  will  pre- 
scribe the  width  of  the  port  of  which  ghis  the  height.  The  trajectories 
e  1,  e  2,  e  3,  e  9  show  the  protection  afforded  by  the  limits  of  the  mask. 
The  grouuu  is  marshy  from  1  to  4,  and  the  trajectories  at  1, 2,  and  3  are 
approximately  normal  to  its  surface,  hence  bullets  at  these  points  are 
not  likely  to  glance;  otherwise  small  traverses  or  terraces  would  be  put 
in  or  the  ground  plowed. 

Plate  III  shows  the  front  view  of  the  mask.  The  holes  or  ports  are  faced 
with  pieces  of  half-inch  iron  one  foot  wide  and  beveled  on  their  inner 
edges.  These  overlap  slightly  the  edges  of  the  main  plates  to  further 
protect  them.  If  frequently  struck  they  can  be  easily  renewed  without 
interfering  with  the  main  construction.  The  whole  mask  is  mounted  on 
a  stout  wooden  frame,  to  which  it  is  hinged  at  90^  to  the  plane  of  fire, 
so  that  in  case  of  an  extraordinary  necessity  it  can  be  lowered  out  of 
the  way.  A  table  is  arranged  to  be  laid  upon  the  fixed  rest  in  shoulder 
firing  with  muzzle  rest,  so  that  the  muzzle  of  the  piece  will  always  be 
practically  at  e. 
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Appendix  29. 

REPORT  ON  CRANSTON'S  SAFETY  LIGHTING  ATTACHMENT  FOR  LANTERNS 

FOR  THE  LIFE-SAVING  SERVICE. 

BY  CAPT.  D.   A.  (LYLB,   ORDNANCE  DEPARTMENT. 

(One  plate.) 

This  attachment  is  the  invention  of  Mr.  J.  F.  Cranston,  of  the  National 
Armory,  Springfield,  Massachusetts,  who  has  recently  patented  it. 

NOMENCLATURE. 

{Plate  ly  Fig.  7.) 

This  device  consists  of  four  pieces,  viz : 

1.  The  gate ; 

2.  The  Igniter ; 

3.  The  assembling  screw ; 

4.  The  rubber  washer. 

The  gate,  igniter,  and  assembling  screw  are  made  of  brass. 

DESCRIPTION. 

1.  The  Gate  (Fig.  6). — This  is  punched  from  sheet-brass  and  has  a  hole 
at  its  larger  end  that  fits  a  shoulder  on  the  under  side  of  the  head  of 
the  assembling  screw.  It  rotates  upon  this  shoulder  as  an  arbor.  The 
lower  end  has  a  projection  on  its  under  side  which  enters  the  lower  hole 

•  in  the  glass  globe  and  prevents  lateral  motion  when  the  gate  is  closed. 
The  thumb  piece  is  formed  by  curving  upward  the  lower  end  of  the  gate. 

2.  The  Igniter  (Figs.  1, 2, 3,  and  7). — This  is  punched  from  sheet-brass. 
The  circular  hole  near  the  upper  end  has  a  female-screw  thread  cut 
upon  its  interior  surface  which  engages  the  male  thread  of  the  assem- 
bling screw.  The  front  side  of  the  igniter  is  a  coarse  double-cut  file 
surface,  upon  which  the  friction-matches  are  ignited.  To  preveut  the 
filling  up  of  the  cuts  with  brimstone  three  rectangular  notches  are  made 
at  the  lower  end.  After  being  prepared  a«  shown  in  Fig.  3,  the  igniter 
is  bent  as  shown  in  Fig.  7. 

3.  TJie  Assembling  Screw  (Fig.  5). — This  screw  is  made  from  bmss 
wire.  The  head  is  rounded  and  slotted  for  a  screwdriver.  The  under 
side  of  the  head  has  a  cylindrical  shoulder  upon  which  swings  the  gate. 
The  body  has  a  male-screw  thread  to  engage  a  corresponding  female 
thread  in  the  igniter. 

4.  The  Rubber  Washer  (Fig.  4). — This  is  cylindrical  and  has  an  axial 
hole  through  which  the  assembling  screw  passes. 

ASSEMBLING. 

The  glass  globes  are  prepared  by  drilling  two  holes  through  the  side 
at  the  proper  distance  apart.  The  centers  of  these  holes  are  approxi- 
mately in  a  vertical  plane. 

325 


326         EEPOBT  OF  THE  CHIEF  OF  OBDNANCE. 

Haviug  the  components  prepared,  pass  the  assembling  screw  through 
the  hole  in  the  gate  and  then  through  the  upper  hole  in  the  glass  globe. 
Slip  the  rubber  washer  on  from  the  inside,  and  then  holding  the  igniter 
in  position  turn  the  screw  in  with  the  fingers  and  tighten  with  a  screw- 
driver. The  file  cut  surface  coming  in  contact  with  the  washer  will 
])revent  lateral  motion  of  the  igniter,  and  at  the  same  time  the*  washer 
will  yield  enough  during  expansion  and  contraction  to  prevent  the 
breaking  of  the  glass  globe. 

ACTION. 

To  light  or  relight  a  lantern  fitted  with  this  attachment  press  the 
thumb-piece  toward  the  right,  carrying  the  gate  clear  of  the  lower  hole 
in  the  glass  globe.  Insert  the  friction-match,  press  it  against  the  igni- 
ter, and  with  a  brisk  downward  motion  of  the  composition  end  the 
match  will  be  ignited  by  friction  against  the  file  cut  surface.  Pause  a 
moment  until  the  match  is  well  lighted,  and  then  extend  it  until  it 
reaches  the  wick.  After  igniting  the  wick  the  match  may  be  dropped 
inside  the  lantern,  thus  avoiding  any  danger  from  fire  that  might  occur 
from  throwing  away  an  unextinguished  match  after  using;  or,  by  with- 
drawing it  slowly  the  match  will  be  extinguished  in  passing  through  the 
hole  in  the  glass  globe. 

USES. 

Lanterns  fitted  with  this  attachment  are  intended  for  use  in  stormy 
or  wet  weather.  As  long  as  the  matches  are  kept  dry  there  is  no  diffi- 
culty in  lighting  the  lantern  no  matter  how  windy  it  may  be. 

LIFE-SAVING  SERVICE. 

For  this  service  the  device  is  intended  to  be  attached  to  the  patrol 
lanterns,  and,  if  required,  to  all  lanterns  at  the  stations.  Patrolmen  ou 
tempestuous  nights  often  have  their  lanterns  extinguished  by  the  wind, 
whereas  the  application  of  this  simple  arrangement  would  enable  them 
to  relight  their  lanterns  without  delay. 

MILITARY  SERVICE. 

Stablelan terns,  battery  lanterns,  company  lanterns,  and  those  of  watch- 
men in  and  around  public  buildiugs,  such  as  stables,  shops,  arsenals, 
commissary  and  quartermaster  store-houses,  can  be  fitted  with  it  so  as 
to  avoid  danger  from  fire,  not  to  mention  the  ease  of  lighting  out  ddors 
in  windy  weather. 

RAILWAY  SERVICE. 

Here  it  has  already  shown  itself  to  be  a  valuable  auxiliary  to  the 
safety  of  trains.  In  case  of  delay  or  accident,  where  a  brakesman  jumps 
from  his  train  to  go  to  the  front  or  rear  to  signal  an  advancing  train, 
it  frequently  happens  that  his  light  is  extinguished  by  the  act  of  jump- 
ing down.  If  very  windy,  great  difficulty  is  experienced  in  relighting 
it.  This  delay  may  be  sufficient  to  cause  a  collision  that  would  other- 
wise have  been  prevented  by  the  employnjent  of  such  a  device. 

APPENDAGES. 

The  wick-picker  is  a  pointed  steel  wire  used  for'raising  and  a(\justing 
the  wick  of  the  lantern.  It  is  inserted  through  the  hole  in  the  globe. 
A  match-box  or  safe  can  be  attached  to  the  outside  of  the  lantern  if  de- 
sired. 
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COST. 

The  cost  of  the  attachment  is  twenty  cents  for  each  lantern.  When 
lanterns  fitted  with  this  device  are  ordered  the  ordinary  price  of  the 
lantern  must  be  added  to  the  above. 

EXPLANATION  OF  PLATE. 

Plate  1. 

Fig.  1.  Elevation  and  partial  section  of  lantern,  showing  method  of 
using  Cranston's  ^^  Safety  lighting  attachment." 

I. — Igniter  (sheet  brass). 

W. — Rubber  washer. 

S. — Assembling  screw  (brass). 

P. — Wick-picker. 

M. — Lighted  friction-match. 

O. — Hole  in  glass  globe. 
Fig.  2.  Front  elevation  of  Cranston's  ^<  Safety  lighting  attachment' 
for  lanterns: 

AA. — Segment  of  glass  globe. 

S. — ^Assembling  screw  (brass). 

G. — Gate  (brass). 

I. — Igniter. 

O.^Hole  in  glass  globe. 
Fig.  3.  Igniter  before  Ending: 

H. — Hole  for  assembling  screw. 
Fig.  4.  Bubber  washer: 

A. — End  elevation. 

B. — Side  elevation. 

C. — Hole  for  assembling  screws. 
Fig.  5.  Assembling  screw: 

A. — Side  elevation. 

B. — End  elevation. 

C. — Shoulder  for  gate. 
Fig.  6.  Ota^te  (brass) : 

H. — Hole  for  shoulder  of  assembling  screw. 

L. — ^Projection  to  hold  gate  in  place  when  closed. 

T. — ^Thumb-piece  of  gate. 
Fig.  7.  Safety  lighting  attachment: 

A  A. — Section  of  glass  globe. 

H. — Hole  for  assembling  screw. 

O. — Hole  for  inserting  friction-match. 

S. — Assembling  screw. 

W. — liubber  washer. 

I. — Igniter. 

G. — Gate. 

T. — Thumb-piece  of  gate. 

L. — ^Projection  on  under  side  of  gate  to  hold  it  in  position  when 
closed. 
Fig.  8.  Wick-picker  (steel  wire). 
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Appendix  30. 

REPORT  OF  THE  BOARD  ON  MAGAZINE  GUNS. 

(20  plates.) 

Office  of  Board  on  Magazine  Guns, 

Army  Building, 
New  Yorlc  Vity^  September  29, 1882. 

Sir  :  I  havft  the  honor  to  forward  herewith  the  report  of  the  Board 
on  Magazine  Guns,  with  the  journal  of  proceedings. 

The  models  of  guns  recommended,  with  drawings,  descriptions,  and 
synopses  of  tests,  will  be  forwarded  to-morrow  by  mail  and  express. 
I  am,  sir,  respectfully,  your  obedient  servant, 

JOHN  E.  BROOKE, 
Coh  Third  Infantry^  President  of  Board. 
The  Adjutant-General  U.  S.  Army, 
WcLshington^  D.  C. 


BEPOBT  OF  THE  BOARD. 

m 

Army  Building,  New  York  City, 

September  6, 1882. 

In  compliance  with  General  Orders  No.  31,  from  Headquarters  of  the 
Army,  Adjutant-General's  Office,  Washington,  D.  C,  March  21, 1881, 
and  Special  Orders  No.  98,  from  Headquarters  of  the  Army,  dated  Ad- 
jutant-General's Office,  Washington,  D.  0.,  April  29, 1881,  and  Special 
Orders  No.  117,  dated  McPherson  Barracks,  Atlanta,  Ga.,  July  5, 1881, 
the  Board  met  and  has  continued  in  session,  except  during  authorized 
adjournments,  up  to  the  present  time. 

The  Board  has  given  careful  consideration  to  all  guns  brought  before 
it,  and  has  applied  the  t^sts  in  as  uniform  a  manner  as  practicable,  and 
has  at  all  times  as  carefully  considered  the  interests  of  all  concerned  as 
circumstances  would  permit,  and  it  takes  pleasure  in  acknowledging  the 
assistance  of  manufacturers  and  inyentora. 

The  regulations  for  tests  of  arms  are  given  in  the  Appendix. 

The  Lee  gun,  No.  36,  the  Ohaflee-Eeece,  No.  33,  and  the  new  Hotch- 
kiss,  No.  34,  representing  the  different  systems  of  the  detachable  and 
fixed  magazines,  and  having  passed  these  tests  in  a  satisfactory  manner, 
and  possessing,  in  a  remarkable  degree,  efficiency  as  single  loaders,  ana 
considering  safety,  ease  of  loading,  rapidity  of  Are,  endurance,  moderate 
weight,  and  simplicity  of  construction,  are,  in  the  opinion  of  the  Board, 
suitable  for  the  military  service,  and  it  does  recommend  tiiem  in  the 
order  named. 

On  account  of  novel  and  meritorious  features  of  the  Spencer-Lee,  No. 
36,  and  its  record  made  before  the  Board,  especially  for  rapidity  with 
accuracy,  it  is  recommended  that  the  manufacturers  be  invited  to  pro- 
duce models  embodying  suggestions  of  the  Board  as  to  weight,  &c.,  and 
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to  submit  them  to  the  War  Department  with  a  view  to  a  trial  of  a  lim- 
ited number  in  service. 

JOHK  R.  BROOKE, 

Colonel  Third  Infantry. 
F.  W.  BENTEE^, 

Captain^  Seventh  Cavalry. 
GEO.  SHORKLEY, 
Captain^  Fifteenth' Infantry. 
H.  G.  LITCHFIELD, 
Captain.  Second  United  States  Artillery. 
JOHIS^  E.  GREER, 
Captain  of  Ordnance^  United  States  Army. 

S.  A.  Day, 

First  Lieutenant^  Fifth  Artillery^  U.  S.  -A.,  Recorder. 


Headquabtebs  of  the  Abmy, 
Washington^  D.  C,  September  30, 1882. 

Respectfully  submitted  to  the  honorable  Secretary  of  War.  I  con- 
strue this  report  to  mean  this :  Of  all  the  patent  inventions  which  have 
been  thrust  on  the  attention  of  the  War  Department,  the  Congress,  and 
the  country,  only  three  meet  the  tests  pre-established  by  the  Board, 
viz: 

1st.  The  Lee  gun,  Ko.  36. 

2d.  The  Chaffee-Reece,  Ko.  a3. 
•  3d.  The  new  Hotchkiss,  ISo.  34. 

The  Spencer-Lee,  No.  35,  seems  to  possess  some  novel  features,  which 
ought  to  be  encouraged,  but  it  does  not  come  into  the  present  contest, 
which  is  "that fifty  thousand  dollars  of  an  existing  appropriation  may 
be  expended  in  the  manufacture  of  magazine  guns  to  be  selected  by  a 
board  of  officers,"  &c. 

Under  and  by  virtue  of  this  report  I  advise  the  honorable  Secretary 
of  War  to  contract  for  fifty  thousand  dollars'  worth  of  the  Lee  gun,  No. 
36;  that  one  each  of  the  Chaffee-Reece.  the  new  Hotchkiss,  and  of  the 
Spencer-Lee  be  bought  and  deposited  in  the  Museum  of  Arms  in  the 
Ordnance  Department  at  Washington ;  and  that  official  copies  of  this  re- 
port be  furnished  the  owners  or  agents  of  the  four  guns  herein  enumer- 
ated, to  be  used  by  them  for  what  it  is  worth  in  their  private  business. 

W.  T.  SHERMAN, 

Oeneral. 


Respectfully  referred  to  the  Chief  of  Ordnance,  who  will  please  ex- 
amine the  three  guns  recommended  by  the  within-mentioned  Board, 
and  all  the  papers  in  the  case,  and  make  report  as  to  what  is  shown  by 
the  record  as  to  the  comparative  merits  of  the  three  guns  mentioned. 

Any  remarks  which  the  Chief  of  Ordnance  may  desire  to  submit  are 
invited. 

By  order  of  the  Secretary  of  War. 

JOHN  TWEEDALE, 

Chief  Clerk. 

Wab  Depabtment,  October  5, 18S2. 
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Ordnance  Office,  War  Department, 

Washington^  October  9, 1882. 

Respectfully  returnee!  to  the  Secretary  of  War.  A  careful  examina- 
tion of  the  report  and  accompanying  papers  convinces  me  that  the 
merits  of  the  three  ji:uns  in  the  order  recommended  by  the  Board  are 
fully  borne  out  by  the  records,  and  that,  while  the  Lee  gun  is  entitled 
to  the  first  place,  the  comparative  merits  of  the  three  guns  put  them 
nearly  on  a  par  in  point  of  excellence, 

Representing,  as  they  do,  different  systems  of  magazine  mechanism, 
and  believing  that  a  competitive  trial  will  give  interesting^  valuable, 
and  practical  results,  and  that  we  have  the  means  of  providing  a  suf^- 
cient  number  of  the  three  guns  for  a  fair  and  exhaustive  trial,  I  respect- 
fully recommend  that  the  fifty  thousand  dollars  available  for  the  *'  manu- 
facture or  purchase  of  magazine  guns,  to  be  selected  by  the  board  of 
of&cers  heretofore  appoint^  by  the  Secretary  of  War,''  be  expended  in 
providing  the  Lee,  the  Chaffee-Beece,  and  the  Hotchkiss  magazine  guns, 
for  trial  in  thd  hands  of  troops. 

8.  V.  BENET, 
Brigadier- Generaly  Chief  of  Ordnance. 


War  Department, 

October  9, 1882. 

Respectfully  returned  to  the  Chief  of  Ordnance. 
The  foregoing  recommendation  made  by  him  is  approved.  He  will 
proceed  to  ascertain  at  what  prices  the  three  guns  mentioned  can  be 
procured,  either  by  manufacture  or  otherwise,  and  upon  making  report 
thereof,  the  number  of  each  kind  of  gun  to  be  procured  will  be  de- 
termined. 

ROBERT  T.  LINCOLN, 

Secretary  of  War. 


Proceedings  of  a  Board  of  Officers  convened  by  virtue  of  the  following  orders : 

[General  Orders  No.  31.] 

Headquarters  of  the  Army, 
Adjutant-General's  Office, 

Wa^hingtony  March  21, 1881. 

The  following  order  from  the  War  Department  is  published  for  the 
information  of  all  concerned: 

The  "act  making  appropriations  for  the  support  of  the  Army  for  the 
fiscal  year  ending  June  30th,  1882,  and  for  other  purposes,"  approved 
February  24, 1881,  contains  the  following: 

For  manufacture  of  arms  at  national  armories,  three  hundred  thousand  dollars: 
Provided f  That  not  more  than  fifty  thousand  dollars  of  this  amount  may  be  expended 
by  the  Secretary  of  War  in  the  manufacture  or  purchase  of  masaztne  guns,  to  be 
selected  by  a  board  of  officers  to  be  appointed  by  the  Secretary  of  War. 

In  conformity  with  the  foregoing  act,  a  Board  of  Officers  will  assemble 
at  the  Army  Building,  New  York  City,  on  the  6th  day  of  July,  1881, 
to  examine  and  consider  all  the  magazine  guns  that  may  be  brought 
before  it,  and  recommend  such  (one  or  more)  of  these  guns  as,  in  its 
judgment,  are  suitable  for  the  military  service. 
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DETAIL  FOB  THE  BOABB. 

Col.  R.  I.  Dodge,  aide-de-camp  (lieutenant-colonel  Twenty-third  In- 
fantry). 

Capt.  F.  W.  Bent^en,  Seventh  Cavalry. 

Capt.  George  Shorkley,  Fifteenth  Infantry. 

Capt.  H.  G.  Litchfield,  Second  Artillery. 

Capt.  John  E.  Greer,  Ordnance  Department. 

Capt.  George  L.  Browning,  Seventh  Infantry,  will  report  to  the  presi- 
dent of  the  Board  for  duty  as  recorder. 

All  persons  interested  in  magazine  guns  are  invited  to  appear  in  per- 
son and  submit  samples,  under  such  rules  as  may  be  adopted  by  the 
Board.  The  arms  submitted  must  be  caliber  .45,  and  use  the  United 
States  service  cartridge. 

Any  further  information  required  by  those  interested  may  be  obtained 
of  the  commanding  officer  National  Armory,  Springfield,  Mass. 

The  Chief  of  Ordnance  will  supply  such  information  ^nd  offer  such 
facilities  to  the  Board  in  the  trials  and  exi)eriments  undertaken  as  may 
be  necessary  to  the  performance  of  the  duty  assigned  it. 

By  command  of  General  SHEBiULiN. 

E.  C.  DEUI^f. 
Adjutant'  OeneraU 

[Special  Orders  No.  98.— Extract. ] 

HEADQUABTEBS  OF  THE  ABMY, 

Adjutant-Geneeal's  Office, 

Washington^  April  29, 1881. 

•  •••••• 

2.  By  direction  of  the  Secretary  of  War,  Col.  E.  I.  Dodge,  aide-de- 
camp (lieutenant-colonel  Twenty-third  Infantry),  is,  at  his  own  request, 
relieved  from  duty  as  member  of  the  Board  of  Officers  appointed  to  as- 
semble in  New  York  City  on  the  5th  day  of  July,  1881,  by  General 
Orders  No.  31,  March  21, 1881,  from  this  office,  and  Col.  John  R.  Brooke, 
Third  Infantry,  is  detailed  in  his  stead. 

By  command  of  General  Shebman. 

E.  C.  DRUM, 
Official :  Adjutant-  Oenera  L 

H.  C.  CORBIN, 
Assistant  Adjutant-OeneraL 


Aemy  Buiij)iNa,  New  Yobk  City, 

July  5, 1881. 
The  Board  met  at  10  a.*m. 

Present :  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  and 
Captain  Greer. 
Absent,  Captain  Litchfield  and  Captain  Browning,  the  recorder. 
An  order  relieving  Captain  Browning  was  read,  as  follows: 

[Special  Orders  No.  144. — Extract.  ] 

HEADQUABTEBS  OF  THE  ABMT, 

Adjutant  Genebal's  Office, 

Washington^  June  25 j  1881. 

•  •  •  •  •  •  • 

6.  By  direction  of  the  Secretary  of  War,  Capt.  George  L.  Browning, 
Seventh  Infantry,  is  relieved  from  duty  as  recorder  of  the  Board  of  Ofli- 
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cers  appointed  by  General  Orders  No.  31,  March  21/ 1881,  from  this 
office. 

By  command  of  General  Shebman. 

E.  C.  DRUM, 

Adjutant'  Oeneral. 
Official  : 

C.  MoKEEVER, 
Assistant  Adjutant-OeneraL 

The  Board  then  a<\joumed  to  meet  at  11  a.  m.  the  following  day. 


•Army  Building, 
JVew  York  City^  July  6, 1881. 

The  Board  met,  pnrsnant  to  adjournment. 

Present:  Colonel  Brooke,  Captain  Ben  teen.  Captain  Shorkley,  Cap- 
tain Litchfield,  and  Captain  Greer.  In  the  absence  of  a  recorder,  Cap- 
tain Greer  acted  in  that  capacity. 

Captain  Litchfield  made  an  explanation  of  his  absence  from  the  pre- 
vious meeting. 

The  room  not  being  ready,  the  Board  adjourned  until  11  a.  m.,  July  7. 


Few  York  City,  July  7, 1881. 

The  Board  met,  pursuant  to  adjournment. 

Present:  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Cap- 
tain Litchfield,  and  Captain  Greer,  acting  recorder. 
The  following  telegram  was  read: 

Adjutant-General's  Office, 

Washington,  July  b,  1881. 

The  General  of  iihe  Army  desires  you  to  direct  Lieut.  Selden  A.  Day,  Fifth  Artil- 
leij,  to  repair  without  delay  to  New  York  City  and  report  to  Colonel  Brooke,  Third 
Infantry,  president  of  Magazine  Gun  Board,  as  recorder  thereof. 

(Signed)    R.  C.  DRUM, 

Adjutant- OenerdL 
Commanding  Officer,  McPhsrson  Barracks, 

Atlanta^  Go. 

The  Board  passed  a  resolution  to  the  effect  that  it  will  receive  all 
magazine  small-arms  presented  for  its  consideration,  and  will  require 
the  party  presenting  each  gun  to  explain  it  fully,  and  then  to  leave  it 
in  the  hands  of  the  Board  for  such  tests  as  it  may  determine  upon,  at 
such  place  as  it  may  select. 

There  being  no  further  business  before  it,  the  Board  adjourned  until 
July  8. 


New  York  City,  July  8, 1881. 

The  Board  met,  pursuant  to  adjournment. 

Present :  Colonel  Brooke,  Captain  Benteen,  Captain  Litchfield,  Cap- 
tain Greer,  and  Captain  Shorkley. 

Absent:  The  recorder.  First  Lieut.  S.  A.  Day,  not  having  arrived 
from  his  post. 

After  a  lengthy  discussion  as  to  method  of  procedure,  place  of  sitting^ 
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and  subjects  of  similar  natnre,  the  Board  directed  the  following  letter 
to  be  addressed  to  the  Adjutant-General,  United  States  Army : 

Office  of  Board  on  Magazine  Guns, 

Army  Building, 
,  New  York  City,  July  8,  1881. 

Sik:  I  am  directed  by  the  Board  on  Magazine  Guns  to  write  yon,  requesting  that  a 
supply  of  50  or  100  copies,  General  Orders  No.  31,  C.  8.,  Headqnarters  of  the  Army, 
convening  the  Board,  may  be  sent  it  for  distribution  to  applicants  for  information  in 
regard  to  its  duties. 

Very  respectfoUy,  your  obedient  servant, 

JOHN  E.  GREER, 
Captain  of  Ordnauoe,  Acting  Meoorder, 
The  Adjutant-General,  United  States  Army, 

Washington,  D.  C. 

The  following  letter  was  also  sent: 

Office  of  Board  on  Magazine  Guns, 

Army  Building, 
New  York  City,  July  8, 188;. 

Sir:  It  appears  to  the  Board,  organized  by  General  Orders  No.  31,  C.  S.,  Headquar- 
ters of  the  Army,  that  it  would  be  adTisable  to  change  the  place  of  sitting  of  the 
Board  to  the  National  Armory,  Springfield,  Mass. 

The  mode  of  procedure  which  is  thought  to  be  most  desirable  is  to  examine  each 
gun  presented  thoroughly,  completing  the  final  tests,  and  enabling  the  party  pre- 
senting the  arm  to  shorten  the  time  of  his  attendance  before  the  Board. 

This  would  seem  to  be  the  course  indicated  as  the  best  by  the  proceedings  of  the 
Boards  which  met  in  September,  1872  (General  Terry,  president),  and  that  of  ltl78 
(Colonel  Benton,  president).  After  completing  these  tests  the  Board  could  return  to 
this  city  and  make  up  its  report. 

Very  respectfully,  your  obedient  servant, 

JOHN  R.  BROOKE, 

Colonel  Third  Infantry, 

The  Adjutant-General,  United  States  Army, 

Jfiuhingtonf  D,  C. 

The  Board  adopted  the  following  rales  and  tests  for  the  trial  of  all 
gons  submitted  ander  the  order: 

Generally  these  rules  will  govern  the  testing  of  all  magazine  gnns 
submitted  to  the  Board.  It  may  occur  that  certain  of  these  tests  will 
be  modified,  or  that  others  may  be  substituted  for  them;  the  object 
being  to  find  an  arm  which  will  meet  the  requirements  of  the  Army. 

The  piece  to  be  first  fired  ten  rounds  by  the  exhibitor,  as  a  test  of 
safety;  the  same  firing  to  be  also  a  test  of  rapidity  by  one  familiar  with 
the  arm.    The  time  to  be  noted  in  the  record. 

The  firing  to  be  then  continued,  according  to  the  rules  annexed,  by  an 
employ6  or  person  designated  by  the  Board. 

The  service  cartridge  to  be  used  in  all  cases. 

Ko  persons  will  be  admitted  to  the  firing- ground  but  the  agents  or 
exhibitors  of  the  gun  immediately  under  trial,  and  such  other  persons 
as  may  be  specially  invited  by  the  Board. 

The  handling  of  guns  by  their  representatives  at  any  time  after  the 
preliminary  test  for  safety  is  forbidden. 

Any  arm  which  has  been  submitted  to  the  Board  and  entered  upon 
the  record  shall  remain  in  the  hands  of  the  Board  for  such  time  as  may 
De  necessary  to  make  drawings  explanatory  .of  its  mechanism. 

If  a  ^n  become  disabled  or  unserviceable,  all  further  tests  will  be 
discontinued,  and  the  proprietor  informed  of  the  fact.  If  the  gun  be 
altered  and  resubmitted  to  the  Board,  it  will  be  treated  as  a  new  gun. 
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REGULAR  TS8T8, 

Safety  test:  To  be  fired  t^n  rounds  by  the  exhiMtorj  or  with  a  lanyard. 

L— Eapidity  with  accueacy. 

The  number  of  shots  which,  fired  in  two  minutes  from  the  gun — ^both 
as  a  magazine  gun  and  as  a  single  shooter — strike  a  target  6  feet  by  2 
feet  at  a  distance  of  100  feet.  Any  cartridges  missing  fire  in  this  or 
other  tests  to  be  tried  with  a  prick  punch,  or  opened  to  ascertain  the 
cause  of  failure.  The  test  to  be  begun  with  the  chamber  or  magazine 
filled,  other  cartridges  to  be  disposed  at  will  on  a  table. 

IL— Eapidity  at  will. 

The  number  of  shots  which  can  be  fired  in  one  minute,  irrespective  of 
aim,  under  the  same  circumstances  as  in  test  I. 

III. — Endueanoe. 

Each  gun  to  be  fired  500  continuous  rounds  without  cleaning,  using 
the  magazine.  The  state  of  the  breech  mechanism  to  be  examined  at 
the  end  of  every  50  rounds. 

IV.— Dbpeottve  gabtbidges. 

Each  gun  to  be  fired  once  with  each  of  the  following  defective  car- 
tridges: 1.  Gross-filed  on  head  to  nearly  the  thickness  of  the  metal. 
2.  Gut  at  intervals  around  the  rim.  3.  With  a  longitudinal  cut  the  whole 
length  of  the  cartridge,  from  the  rim  up.  A  fresh  piece  of  white  paper, 
marked  with  the  number  of  the  gun,  being  laid  over  the  breech  to  ob- 
serve the  escape  of  gas,  if  any  occur. 

v.— Dust. 

The  piece  to  be  exposed  in  the  box  prepared  for  that  purpose  to  a 
blast  of  fine  sand-dust  for  2  minutes ;  to  be  removed,  fired  20  rounds, 
replaced  for  2  minutes,  removed  and  fired  20  rounds  more. 

vr.— Bust. 

The  breech  mechanism  and  receiver  to  l)e  cleansed  of  grease,  and  the 
chamber  of  the  barrel  greased  and  plugged,  the  butt  of  the  gun  to  be 
inserted  to  the  height  of  the  chamber  in  a  solution  of  sal-ammoniac  for 
10  minutes.  exx>osed  tbr  two  days  to  the  open  air  standing  in  a  rack,  and 
then  fired  20  rounds. 

VII.— Excessive  ohabges. 

To  be  fired  once  with  85  grains  of  powder  and  one  ball  of  405  grains 
of  lead:  once  with  90  grains  and  one  ball,  and  once  with  90  grains  and 
two  balls.    The  piece  to  be  closely  examined  after  each  discharge. 

Any  gun  failing  in  any  of  the  foregoing  tests  will  not  be  submitted 
to  further  tests. 
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8VPPLEMENTAET  TESTS.  • 

1st.  To  be  fired  with  two  defective  cartridges,  Nos.  1  and  2,  and  then 
to  be  dusted  five  minutes,  the  mechanism  being  in  the  mouth  of  the 
blow-pipe,  and  closed,  the  hammer  being  at  half-cock;  then  to  be  fired. 
6  shots,  the  last  two  defective  Kos.  1  and  2 ;  then  without  cleaning  to 
be  dust^  with  the  breech  open  and  fired  4  shots.  The  piece  to  be 
freed  firom  dust  only  by  pounding  or  wiping  with  the  bare  hand. 

2d.  To  be  fired  5  rounds  with  the  service  cartridge ;  then  witboat 
cleaning  to  be  fired  6  rounds  with  120  grains  powder  and  a  ball  weigh- 
ing 1^00  grains;  the  gun  to  stand  24  hours  after  firing  without  clean- 
ing, and  then  to  be  thoroughly  examined. 

3d.  Facility  of  manipulation  by  members  of  the  Board. 

4th.  Liability  to  accidental  explosions  of  cartridges  in  the  magazine. 

Additional  tests  may  be  made  by  the  Board  to  clear  up  doubts  raised 
by  previous  trials. 

To  determine  the  comparative  rapidity  of  fire  and  facility  of  manip- 
ulation, as  contemplated  by  the  third  supplementary  test,  each  gun  to 
be  fired  20  shots  by  three  men  to  be  selected  by  tiie  Board,  loading 
firom  the  cartridge-box  and  firing  with  aim  at  a  target  of  suitable  size 
100  yards  distant.  The  average  of  the  three  trials  to  be  the  recorded 
time  of  firing  20  rounds.  The  magazine  to  be  loaded  from  the  car- 
tridge-box before  the  start,  the  remainder  of  the  cartridges  to  be  fired 
away  first,  using  the  gun  as  a  single  shooter,  and  the  magazine  to  be 
emptied  la«t. 

Under  the  fourth  supplementary  test,  in  addition  to  the  test  already 
made  of  giving  a  jolting  motion  to  a  column  of  cartridges  in  a  vertical 
tube  with  the  spiral  magazine-spring,  a  column  of  six  cartridges  to  be 
jolted  in  a  tube  without  the  spring,  and  if  there  be  no  explosion,  then 
the  lowest  bullet  in  the  column  to  be  replaced  by  a  pointed  steel  plug, 
first  using  the  spring  below  the  plug,  and,  in  event  of  it  not  producing 
explosion,  to  be  tried  without  the  spring.  Also,  if  there  is  no  explo- 
sion resulting  from  the  jolting  te^ts,  the  tube  containing  the  column  of 
cartridges  heavily  weighted  at  the  lower  end  to  insure  its  vertical  posi- 
tion, and  having  the  spring  at  the  bottom  of  the  tube,  to  be  dropped 
from  a  height  of  20  feet  upon  a  pavement;  and,  if  there  is  no  explo- 
sion, to  be  dropped  as  before  without  the  spring  in  the  tube.  After- 
ward, a  pointed  steel  plug  to  replace  the  lowest  bullet  in  the  column, 
and  to  be  dropped  with  the  spring  in  the  tube;  then,  if  there  is  no 
explosion,  the  dropping  to  be  finally  tried  with  the  spring  removed. 
These  tests  to  be  applied  equally  to  the  Frankford  and  exterior-primed 
cartridges. 

The  comparative  convenience  of  carrying  the  different  guns  and  exe- 
cuting the  manual  of  arms  to  be  considered  and  tested. 

The  Board  then  adjourned  to  meet  on  July  11. 


l^EW  TOBK  City,  July  11, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

After  some  discussion,  the  set  of  rules  referred  to  in  the  minutes  for 
the  preceding  session  of  the  Board  was  ordered  printed,  and,  in  accord- 
ance with  authority  from  the  Chief  of  Ordnance,  a  copy  was  forwarded 

"  To  be  applied  only  to  snch  arms  as  have  passed  through  the  regular  tests  in  a  man- 
ner satisfactory  to  the  Board. 
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to  the  commandiug  officer  National  Armory,  Springfield,  Mass.,  for  that 
purpose. 

Philip  Boch  submitted  to  the  Board  a  gun  of  his  invention,  with 
detachable  magazine  holding  twenty  cartridges.  The  piece  offered  was, 
however,  of  .40-caliber,  and  was  withdrawn  with  a  view  of  submitting 
one  of  the  proper  caliber  at  some  future  day. 

Other  gentlemen  representing  several  magazine  guns  came  before  the 
Board  asking  information,  and  stating  that  they  expect  to  present  guns 
for  examination. 

The  Board  adjourned  at  2  p.  m.  to  meet  at  11  a.  m.  the  12th  instant. 


New  York  City,  July  12, 1881. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  at  11 
a.  m.  the  13th  instant. 


New  York  City,  July  13, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

Two  communications  were  sent  to  the  Adjutant-General  of  the  Army, 
one  requesting  authority  to  adjourn  to  the  National  Armory,  at  Spring- 
field, Ma^s.,  for  the  purpose  of  testing  guns,  the  other  requesting  author- 
ity to  employ  a  clerk  for  the  Board. 

There  being  no  further  business  before  it,  the  Board  adjourned  until 
the  14th  instant. 


New  York  City,  July  14, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  tind  the  recorder. 

The  following  order  from  the  War  Department  was  received  and  read: 

[Special  Orders  No.  157. — Extract.] 

Headquarters  of  the  Army, 

Adjutant-General's  Office, 
Washington^  D.  0.,  July  12, 1881. 

•  •••••• 

7.  By  direction  of  the  Secretary  of  War  the  board  of  officers  appointed 
to  assemble  in  New  York  City,  by  General  Orders  No!  31,  March  21, 
1881,  from  this  office,  to  examine  and  consider  magazine  guns,  and  rec- 
ommend such  as  in  its  judgment  are  suitable  for  the  military  service,  is 
authorized  to  adjourn  its  sittings  to  the  National  Armory,  Springfield, 

Mass.,  for  the  purpose  of  testing  guns,  &c. 

•  •••••• 

By  command  of  General  Sherman. 

E.  C.  DRUM, 
Adjutant-  General. 
Official. 

H.  C.  CORBIN, 
Assistant  Adjutant- General. 
22  ORD 
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The  Board  therefore  resolved  that  when  it  should  adjourn  to  day  it 
would  be  to  meet  at  the  National  Armory,  Springfield,  Mass.,  on  the  2d 
day  of  August,  1881.  It  was  further  resolved  that  in  the  mean  time 
notice  should  be  sent  to  the  Army  and  Navy  Journal,  with  a  copy  of 
the  rules  governing  the  tests  to  which  guns  are  to  be  subjected. 


National  Armory, 
Springfieldj  Mass.y  August  2, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

By  direction  of  the  Board,  several  communications  were  answered, 
and  various  details  concerning  the  time  of  holding  sessions,  &c.,  were 
discussed. 

A  letter  from  the  Adjutant-GeneraPs  OflSce  was  received,  anthoriziog 
the  employment  of  a  clerk. 

There  being  no  further  business  before  it,  the  Board  adjourned  to 
meet  at  11  o'clock  the  following  day. 


Springfield,  Mass.,  August  3,  1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  resolved  that  the  recorder  be  instructed  to  communicate 
with  exhibitors  and  inventors  who  have  expressed  their  wish  to  present 
guns  for  examination,  stating'that  the  Board  is  ready  and  waiting  to 
receive  their  guns,  and  asking  when  they  will  be  presented. 

The  following  letter  was  accordingly  sent  to  W.  G.  Burton,  John  L. 
Suess,  William  Trabue,  and  B.  0.  W.  Alexander : 

Office  of  the  Board  on  Magazine  Guns, 
National  Armory, 

Springfield,  Mas9.,  August  3,  1881. 
Dear  Sir:  By  direction  of  the  Board,  I  am  instructed  to  inform  all  exhibitors  of 
magazine  gnns  who  have  expressed  their  wish  to  present  arms  for  examination,  that 
the  Board  IS  now  ready  and  waiting  to  receive  them,  and  to  ask  when  they  will  be 
presented. 

Very  respectfully,  your  obedient  servant, 

S.  A.  DAY, 
Fir$t  Lieutenant,  Fifth  Artillery,  Recorder, 

A  telegram  was  received  and  read  from  J.  N.  Reece,  asking  informa- 
tion as  to  the  latest  date  when  the  Board  will  receive  guns.  A  letter 
was  read  from  C.  W.  Alexander,  asking  particulars  as  to  tests,  &c.,  with 
a  view  to  presenting  a  gun.    A  copy  of  the  rules  was  sent  to  him. 

The  Board  then  adjourned  to  meet  on  the  following  day  at  the  usual 
hour. 


Springfield,  Mass.,  August  4, 1881. 
The  Board  met  pursuant  to  a^oumment. 
Present,  all  the  members  and  the  recorder. 

There  being  no  business  before  the  Board,  it  adjourned  to  meet  the 
foUowiiig  day- 
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Springfield,  Mass.,  August  6, 1881. 

The  Board  met  pursuant  to  adjoarnment. 
Present,  all  the  member  and  the  recorder. 

There  being  no  business  before  it,  the  Board  adjourned  to  meet  a£  11 
a.  m.  on  Tuesday,  August  9. 

Springfield,  Mass.,  August  9, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Benteen,  by  permission  of  the  Board. 

Mr.  J.  F.  Whipj>le,  representing  Messrs.  B.  Remington  &  Sons,  ap- 
peared before  the  Board,  and  presented  the  Bemington-Keene  magazine 
gun  for  examination,  taking  apart  and  assembling  two  models — car- 
bine and  rifie — numbered  1  and  2,  differing  only  in  one  having  a  fiy, 
which  secured  it  at  half-cock  on  loading ;  the  other  (rifle),  without. 

The  Board  then  adjourned  to  meet  at  10.30  a.  m.  the  following  day. 


Springfield,  Mass.,  August  10, 1881. 

The  Board  met  pursuant  to  acyournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Benteen,  by  permission  of  the  Board. 

The  EemingtonKeene  gun  was  taken  apart  and  assembled  by  an  ex- 
pert from  the  factory  of  E.  Eemingtou  &  Sons,  the  time  for  which  was — 

Assembling  (carbine),  3'  30." 

The  Board  adjourned  at  4  p.  m.  to  meet  at  10.30  a.  m.  the  following 
day. 

Springfield,  Mass.,  August  11, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Benteen  (sick). 

The  members  present  continued  the  examination  and  study  of  the 
mechanism  of  the  Bemington-Keene  guns,  and,  at  4  p.  m.,  ac^ourned,  to 
meet  at  10.30  a.  m.  the  following  day. 


Springfield,  Mass.,  August  12, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Benteen  (sick). 

After  further  examination  of  the  Bemington-Eeene  system,  the  Board 
a<\joumed,  to  meet  at  10.30  a.  m.  the  following  day. 


Springfield,  Mass.,  August  13, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 
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Absent,  Captain  Benteen  (sick). 

After  arranging  a  programme  for  testing  the  guns  for  safety,  the 
Board  adjourned,  to  meet  Monday,  the  15th  instant,  at  10.30  a.  m. 


Springfield,  Mass.,  August  15, 18S1. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Benteen  (sick). 

The  Board  proceeded  to  the  examination  of  the  Boch  gun,  presented 
by  Mr.  Philip  Boch.  The  gun  was  taken  apart  and  assembled  by  the 
exhibitor,  and  a  general  study  of  its  mechanism  was  made  by  the  mem- 
bers of  the  Board. 

The  detachable  magazine  becoming  unserviceable,  Mr.  Boch  requests 
time  to  repair  it  before  further  exhibition  of  his  system. 

During  the  session  of  the  Board,  Captain  Benteen  appeared,  taking 
his  seat. 

After  further  consideration  of  the  Boch  gun,  the  Board  adjourned,  to 
meet  at  10  a.  m.  the  following  day. 


Springfibld,  Mass.,  August  16, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  to  the  trial  of  the  Remington-Keene  guns  Nos. 
1  and  2,  completing  the  safety  tests,  the  tests  for  rapidity  with  accu- 
racy and  for  rapidity  at  will,  with  the  results  stated  in  the  synopsis. 
The  Boch  gun  was  also  biiefly  considered. 

TThe  Board  then  adjourned,  to  continue  the  tests  on  the  following  day. 


Springfield,  Mass.,  Augtist  17, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  to  the  trial  of  the  Hotchkiss  guns  Nos.  4  and  5, 
brought  before  it  by  Mr.  George  E.  Albee  for  the  Winchester  Arms 
Company,  with  the  results  stated  in  the  synopsis. 

At  2  p.  m.  the  Board  took  up  the  Remington-Keene  gun  Ko.  2,  for 
the  test  of  endurance,  with  the  results  given  in  the  synopsis,  and  at 
5.30  p.  m.  adjourned,  to  meet  at  10  a.  m.  Uie  following  day. 


Springfield,  Mass.,  August  18, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  trial  of  the  Eemington-Keene  gun  No.  2  was  continued  through 
the  "  dusting  test,^  with  the  result  given  in  the  synopsis. 

At  2  p.  m.  the  Board  took  up  the  further  consideration  of  the  Hotch- 
kiss gun  No.  4,  giving  it  the  III  (endurance),  IV  (defective  cartridges), 
and  Y  (dust)  tests,  with  the  results  stated  in  the  synopsis.  After  tills 
the  Board  adjourned,  to  meet  at  10  a.  m.  the  following  day. 
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Springfield,  Mass.,  August  19, 1881. 

The  Board  met  parsaant  to  adjouruinent. 
Present,  all  the  members  and  the  recorder. 

The  weather  being  inclement  and  unsuitable  for  testing  guns,  the 
Board  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  August  20, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  trial  of  the  Hotchkiss  No.  6,  Also  Eem- 
ington-Keene  Ko.  1,  subjecting  them  to  the  endurance  and  dusting  tests, 
with  results  as  stated  in  the  synopsis. 

At  5  p.  m.  the  Board  a<^ourned,  to  meet  on  Monday,  22d  instant,  at 
10  a.  m. 


Springfield,  Mass.,  August  22, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder.  . 

The  Board  proceeded  with  rust  test  for  guns  Xos.  1,  2,  4,  and  5,  sub- 
jecting them  to  the  preliminary  stage,  after  which  the  Board  adjourned 
to  meet  Wednesday,  24th  instant,  at  10.30  a.  m. 


Springfield,  Mass.,  August  24, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  rust  test  of  guns  Nos.  1,  2,  4,  and  5, 
with  the  results  stated  in  the  synopsis. 

There  being  no  further  business  before  the  Board,  and  no  prospect  of 
any  at  an  early  date,  it  resolved  that  when  it  adjourns  to-day  it  be  to 
meet  on  the  21st  day  of  September  next,  or  at  an  earlier  date,  if  called 
together  by  the  president. 


Springfield,  Mass.,  September  21, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

There  being  no  business  before  it,  and  in  view  of  the  obsequies  of  the 
late  President,  to  take  place  on  the  26th  instant,  the  Board  adjourned, 
to  meet  the  27th  instant  at  10  a.  m. 


Springfield,  Mass.,  September  27, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  representatives  of  the  guns  which  had  come  in  not  being  present, 
and  there  being  no  business  before  it,  the  Board  adjourned,  to  meet  to- 
morrow at  10  a.  m. 
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Springfield,  Mass.^  September  28, 1881. 

The  "Board  met  pursuaDt  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

Mr.  R.  S.  Chaffee  came  before  the  Board  with  the  Chaffee-Reece  gnn 
No.  6,  explained  its  working,  and  the  Board  proceeded  with  the  tests, 
with  results  as  stated  in  the  synopsis,  atter  which  it  adjourned,  to  meet 
at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  September  29, 1881. 

The  Board  met  pursuant  to  adjournment. 
Preseift,  all  the  members  and  the  recorder. 

The  Board  continued  the  tests  with  the  ChaffeeReece  gun  Ko.  6,  with 
results  as  stated  in  the  synopsis. 
The  Board  then  adjourned,  to  meet  October  1st  proximo,  at  10  a.  m 


Springfield,  Mass.,  October  1, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Shorkley,  Captain  Litchtield,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Benteen,  by  permission  of  the  poard. 

The  Board  continued  the  tests  with  the  Chaflfee-Reece  gun  No.  6, 
with  the  results  stated  in  the  synopsis,  after  which  it  adjourn^,  to  meet 
on  Monday,  October  10,  at  10  a.  m. 


Springfield,  Mass.,  October  10, 1881. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  to  the  trial  of  the  Boch  gun  Nq.  7,  with  result 
as  stated  in  the  synopsis. 
The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  11, 1881. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  to  the  tiial  of  the  Remington-Keene  gun  No. 
8,  with  results  as  stated  in  the  synopsis. 
The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  12, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  tests  with  the  Remington-Keene  gun  No.  8, 
with  results  as  stated  in  the  synopsis,  after  which  it  adjourned,  to  meet 
on  Friday,  the  14th  instant,  at  10  a.  m. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         343 

Springfield,  Mass.,  October  14, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  following  communication  from  the  War  Department  was  received 

and  read: 

War  Department, 
Adjutant-General's  Office, 

Washington,  October  13,  1881. 

Sir  :  Upon  the  recommendation  of  the  Chief  of  Ordnance,  the  Secretary  of  War 
directs  that  the  Board  on  Magazine  Guns  examine  into  and  report  upon  the  advisa- 
bility of  using  the  rifle  cartridge  in  the  carbine,  and  dispensing  altogether  with  the 
carbine  cartridge. 
You  will  please  acknowledge  receipt  of  this  communication. 
I  am,  sir, 'very  respecttuUy,  your  obedient  servant, 

CHAUNCEY  McKEEVER, 

Acting  Adjutant- General. 
Col.  Jno.  R.  Bkookr, 

Third  Infantry^  President  Board  on  Magazine  Ouns,  Springfieldy  Mass. 

The  Board  continued  the  tests  with  the  Eemington-Keene  gun  No.  8, 
with  results  as  stated  in  the  synopsis;  aft)er  which  it  adjourned,  to  meet 
on  Monday,  the  17th  instant,  at  10  a.  m. 


Springfield,  Mass.,  October  17, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  discussed  plans  for  testing  the  rifle  and  carbine  cartridges 
in  the  carbine  as  required  by  the  letter  of  October  13th;  and 

^^Resolvedj  That  the  Board  experiment  with  the  rifle  and  carbine  car- 
tridges at  the  various  ranges,  fired  from  the  shoulder  and  recoil  rest, 
with  the  carbine,  compare  the  result§  as  to  accuracy  and  the  effect  of 
the  recoil  on  the  shooter,  with  a  view  to  determining  the  desirability  of 
using  the  rifle  cartridge  in  the  carbine  and  dispensing  with  the  carbine 
cartridge.^ 

The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


SPRiNaFiELD,  Mass.,  October  18, 1881. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

Messrs.  Remington,  Elliott,  and  Whipple  came  before  the  Board  and 
exhibited  two  guns,  one  in  model;  but  none  were  presented  for  test. 
The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  19, 1881. 

The  Board  met  pursuant  to  a^ournment. 

Present,  all  the  members  and  the  recorder. 

Mr.  Albee,  representing  the  Winchester  Repeating  Arms  Company, 
submitted  a  new  modiflcation  of  the  Hotchkiss  gun  No.  9,  which  the 
Board  proceeded  to  test,  with  results  stated  in  the  synopsis. 

Mr.  Borchardfc,  representing  the  Lee  Arms  Company,  presented  the 
Lee  gun  No^  10,  for  examination  and  teat;  which  was  commenced,  with 
the  results  as  stated  in  the  synopsis. 

The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 
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Springfield,  Mass.,  October  20, 1881. 

The  Board  met  parsnant  to  adjoarumeDt. 
Preseut,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  tests  with  the  Hotchkiss  No.  9  and 
Lee  No.  10  guns,  with  results  as  stated  in  the  synopsis. 
The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  21, 1881. 

The  Board  met  pursuant  to  adfournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  test  of  the  Lee  gun  No.  11,  with  the 
result  as  stated  in  the  synopsis ;  after  which  it  adjourned,  to  meet  at 
10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  22, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  tests  of  the  Hotchkiss  No.  9  and  Lee 
Nos.  10  and  11  guns,  with  results  as  stated  in  the  synopsis ;  after  which 
it  a(^ourned,  to  meet  on  Monday,  24th  instant,  at  2  p.  m. 


Springfield,  Mass.,  October  24, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Captain 
Greer,  and  the  recorder. 

Absent,  Captain  Litchfield,  by  permission  of  the  Board. 

The  Board  proceeded  with  the  testing  of  Lee  guns  Nos.  10  and  U, 
with  results  as  stated  in  the  synopsis;  after  which  it  adjourned,  to  meet 
at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  25, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Captain 
Greer,  and  the  recorder. 

Absent,  Captain  Litchfield,  by  permission  of  the  Board. 

A  communication  asking  certain  information  in  regard  to  the  car- 
tridges used  in  the  experiments  of  the  Board  was  addressed  to  the  Ad- 
jutant-General. 

The  Board  then  adjourned,  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  26,  1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  ]3oard  discussed  methods  and  plans  for  carrying  out  the  require- 
ments of  the  letter  from  the  Adjutant-General,  relating  to  the  advisa- 
bility of  using  the  rifle  cartridge  in  the  carbine  and  dispensing  with  the 
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carbine  cartridge,  and  adopted  the  following  rules  to  govern  in  the  ex- 
periments : 

Besolvedj  That  the  Board  will  conduct  its  experiments  by  such  means 
and  methods  as  it  may  deem  proper  and  advisable,  generally  as  follows : 

The  carbines  used  in  the  experiments  shall  b.e  those  that  have  been 
rigidly  inspected  and  proved  at  the  National  Armory. 

•  TESTS. 

With  three  or  more  service  carbines — 

Ist.  Two  or  more  men  firing  3  scores  of  20  shots  each,  cleaning  the 
barrel  after  each  score  of  20  shots  and  after  each  shot  in  one  score  of  20 
shots,  at  each  range. 

2d.  That  the  firing  be  made  with  both  the  carbine  and  rifle  cartridges, 
and  at  ranges  of  I'OO,  300,  500,  600,  800,  and  1,000  yards. 

3d.  The  firing  will  be  from  at  least  three  positions,  viz,  muzzle-rest, 
standing,  and  "any  position''  lying. 

4th.  That  members  of  the  Board  fire  the  carbine  with  the  rifle  cai:- 
tridge  to  determine  whether  there  be  excessive  recoil,  in  addition  to 
other  usual  tests  for  determining  the  comparative  amount  of  recoil  in 
fire-arms. 

5th.  That  the  firing  from  tlie  fixed  or  muzzle-rest  be  from  a  muzzle- 
block  or  support  giving  such  degree  of  elasticity  as  may  be  found  to  give 
most  uniform  results. 

The  Board  then  proceeded  to  the  preliminary  experiments  with  rifle 
and  carbine  cartridges  in  carbines,  after  which  it  adjourned  to  meet  at 
10  a.  m.  the  following  day. 


Springfield,  Mass.,  October  27, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  tlie  experiments  with  rifle  and  carbine 
cartridges  in  tlie  carbine,  with  results  as  stated  in  the  special  report; 
after  which  it  adjourned  to  meet  at  10  a.  m.  the  following  day. 


SPBiNaFiELD,  Mass.,  October  28, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  experiments  with  the  rifle  and  carbine  car- 
tridges, with  results  as  stated  in  the  special  report,  after  which  it  ad- 
journed  to  meet  on  Monday  31st  instant  at  10  a.  m.  * 


Springfield,  Mass.,  October  31, 1881. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  weather  being  too  inclement  for  conducting  experiments  out  of 
doors,  the  Board  adjourned  to  meet  at  10  a.  m.  the  following  day. 
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Springfield,  Mass.,  November  ^j1S81, 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  experiments  With  the  rifle  and  carbine  car- 
tridges, with  results  as  stated  in  the  special  report,  after  which  it  ad- 
journed to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  November  2, 1881, 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  experiments  with  the  carbine  and  rifle 
cartridges,  with  results  as  stated  in  the  special  report,  after  which  it 
adjourned  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  November  3, 1881. 

The  Board  met  pursuant  to  acyournment. 
Present,  all  the  members  and  the  recorder. 

The  letter  to  the  Adjutant-General,  of  October  25th,  was  received 
back,  with  the  following  indorsements : 

[Second  indorsement.] 

Ordnance  Office,  Wak  Department, 

Washington,  October  29,  1881. 

Respectfully  returned  to  the  Secretary  of  War,  through  the  Adjutant-General,  U. 
6.  A. 

My  recommendation  was  intended  to  include  hoik  bullets,  with  70  grains  powder 
charge. 

S.  V.  BENfiT, 
Brigadier-Generaly  Chi^of  Ordnance, 

[Third  indorseinent.] 

ADJUTAJrr-GENBRAL^S  OFFICE, 

Washington,  November  1,  1881. 

Respeotfnlly  returned  to  the  president  of  the  fioard  on  Magazine  Guns,  invitiug 
attention  to  tne  indorsement  of  the  Chief  of  Ordnance. 

B.  C.  DRUM, 
AdJutanUGcmeraL 

The  Board  proceeded  with  the  testing  of  the  rifle  and  carbine  car- 
tridges, with  results  as  stated  in  special  report,  after  which  it  adjourned 
to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  ifovember  4, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Captain  Benteeu,  Captain  Shorkley,  Captain  Litchfield,  Cap- 
tain Greer,  and  the  recorder. 

Absent :  Colonel  Brooke  (sick). 

The  Board  continued  the  experiments  with  the  rifle  and  carbine  car 
tridges,  with  results  us  state<l  in  the  special  report. 

The  Board  then  at^ourned  to  meet  on  Monday,  the  7th  instant,  at  9 
a.  m. 
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Springfield,  Mass.,  November  7,  1881. 

The  Board  met  pursuant  to  adjourumeDt. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Captain 
Creer,  and  the  recorder. 

Absent,  Captain  Litchfield,  excused  by  the  Board. 

The  Board  continued  the  experiments  with  the  rifle  and  carbine  car- 
tridges, with  results  as  stated  in  the  special  report,  after  which  it  ad- 
journed to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  November  8, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  weather  being  too  inclement  for  conducting  experiments  out  of 
doors,  the  Board  proceeded  with  the  comparison  of  data  already  ob- 
tained and  the  discussion  of  future  experiments  and  other  matters,  after 
which  it  adjourned  to  meet  at  9  a.  m.  the  following  day. 


Springfield,  Mass.,  November  9, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  experiments,  testing  the  recoil  of  the 
various  cartridges  in  the  carbine,  after  which  it  adjourned  to  meet  at  9 
a.  m.  the  following  day. 


Springfield,  Mass.,  November  10, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  experiments,  firing  the  carbine  at  the 
500-yards  range,  after  which  it  adjourned  to  meet  at  9  a.  m.  the  follqw- 
ing  day. 


Springfield,  Mass.,  November  11, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Litchfield,  with  consent  of  the  Board. 

The  Board  continued  the  experiments,  firing  the  carbine  at  the  600- 
yards  range,  after  which  it  adjourned  to  meet  on  Monday,  14th  instant, 
at  10  o'clock  a.  m. 


Springfield,  Mass.,  November  14, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Captain 
Greer,  and  the  rci^order. 

Absent,  Captain  Litchfield,  with  consent  of  the  Board. 

The  Board  continued  th^  experiments  with  the  rifle  and  carbine  car- 
tridges, with  results  as  given  in  special  report. 
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In  the  afternoon  Mr.  William  Trabue  came  before  the  Board  present- 
ing the  Trabue  gun,  showing  its  mechanism  and  explainiug  its  working; 
after  which  the  Board  adjourned  to  meet  at  9  a.  m.  the  following  day. 


Springfield,  Mass.,  November  15, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Ben  teen.  Captain  Sliorkley,  Captain 
Greer,  and  the  recorder. 

Absent,  Captain  Litchfield,  with  consent  of  the  Board. 

The  Board  proceeded  with  the  trial  of  the  Trabue  gun  No.  12,  with 
results  as  given  in  the  synopsis,  after  which  it  adjourned  to  meet  at  9 
a.  m.  the  following  day. 


Springfield,  Mass.,  November  16, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Captain 
Greer,  and  the  recorder. 

Absent,  Captain  Litchfield,  with  consent  of  the  Board. 

The  Board  continued  the  experiments  with  the  carbine  and  rifle  car- 
tridges, with  the  results  given  in  the  special  report,  after  which  it  ad- 
journed to  meet  at  9  a.  m.  the  following  day. 


Springfield,  Mass.,  November  17, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley,  Cap- 
tain Greer,  and  the  recorder. 

Absent,  Captain  Litchfield,  with  consent  of  the  Board. 

The  Board  continued  the  experiments  with  the  carbine  and  rifle  car- 
tridges, with  results  given  in  the  special  report,  after  which  it  adjourned 
to  meet  at  9  a.  m.  the  following  day. 


Springfield,  Mass.,  November  18, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

Mr.  Philip  Boch  came  before  the  BoanI,  submitting  a  new  gun  of 
his  invention  for  trial,  with  which  the  Board  proceeded,  with  results  as 
stated  in  the  synopsis. 

Lieut.  A.  H.  Bussell  also  came  before  the  Board,  exhibiting  a  gun  of 
his  invention,  explaining  its  mechanism  and  working  and  stating  that 
he  expected  to  have  it  ready  for  trial  on  the  28th  instant. 

The  Board  in  the  afternoon  continued  the  experiments  with  carbine 
cartridges,  firing  at  1,000  yards  range,  with  results  as  stated  in  the  special 
report,  after  which  it  adjourned  to  meet  at  10  a.  m.  the  following  day. 


Springfield,  Mass.,  November  19, 1881. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 
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The  weather  being  too  inclement  for  conducting  experiments  out  of 
doors,  and  there  being  no  other  business  before  it,  the  Board  adjo.urned 
to  meet  Monday  the  2l8t  instant,  at  9  o'clock  a.  m. 


Springfield,  Mass.,  Noveviber  21, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  Recorder. 

The  Board  continued  the  experiments  with  the  carbine  and  rifle  car- 
tridges, with  the  results  as  stated  in  the  special  report,  after  which  it 
adjourned  to  meet  at  9  a.  m.  the  following  day. 


Springfield,  MABS.^'November  22,  1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  experimi-nts  with  the  carbine  and  rifle 
cartridges,  with  results  as  stated  in  the  special  report,  after  which  it 
adjourned  to  meet  at  9  a.  m.  the  following  day. 


Springfield,  Mass.,  November  23, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  having  completed  the  exi)eriments  with  the  carbine  and 
rifle  cartridges,  adopted  the  following  resolution  : 

Resolved^  That  the  Board  now  adjourn  its  sessions  to  New  York  City, 
to  meet  at  the  Army  Building,  corner  of  Houston  and  Greene  streets, 
on  Tuesday,  the  6th  day  of  December,  at  10  o'clock  a.  m. 

In  accordance  with  which  a  letter  was  addressed  to  the  Chief  of  Ord- 
nance requesting  that  the  necessary  apparatus,  ammunition,  &c.,  for 
testing  guns  be  sent  to  New  York,  and  that  the  commanding  officer  of 
the  New  York  Arsenal  be  directed  to  furnish  facilities  for  prosecution  of 
the  work. 

A  letter  was  also  sent  to  the  depot  quartermaster  at  New  York  City, 
notifying  him  of  the  action  of  the  Board  and  requesting  that  suitable 
rooms  be  furnished  and  in  readiness  for  its  use  by  the  date  of  meeting. 


New  York  City,  December  6, 1881—10  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

Communications  from  the  Chief  of  Ordnance  and  the  commanding 
officer  New  York  Arsenal,  referring  to  facilities  for  work  of  the  Board, 
&c.,  were  received. 

Lieutenant  Bussell  came  before  the  Board,  presenting  a  gun  of  his 
invention,  reading  and  submitting  the  statement  marked  A. 

The  Board  then  a^joumed  to  meet  to-morrow  at  10  a.  m. 
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New  York  City,  December  7, 1881—10  o^clock  a.  m. 
The  Board  met  pursuant  to  adjournmeut. 
Pri'sent,  all  the  members  and  the  recorder. 

The  weather  being  too  inclement  for  outdoor  work,  the  Board  ad 
joumed  to  meet  to-morrow  at  10  o'clock  a.  m. 


New  York  City,  December  8, 1881—10  o'clock  a.  m, 
The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  trial  of  the  gun  submitted  by  Lieu- 
tenant Russell,  with  the  results  as  stated  in  the  synopsis. 
The  Board  then  adjourned  to  meet  to-morrow  at  10  o'clock  a.  m. 


New  York  City,  December  9,  1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

Mr.  Philip  Boch  came  before  the  Board  resubmitting  his  gun  with 
modifications,  which  he  explained. 

Lieutenant  Russell  again  came  before  the  Board  and  explained  the 
points  of  failure  in  gun  submitted  for  trial,  stating  that  it  was  his  inten- 
tion to  harden  the  receiver  and  submit  it  again. 

Mr.  Sweeney  came  before  the  Boanl  submitting  the  Marlin  gun  for 
examination  and  trial. 

The  Board  then  proceeded  with  the  trial  of  the  Boch  gun  Ko.  16  with 
results  as  stated  in  the  synopsis.  ' 

After  which  the  Board  adjourned  to  meet  at  the  Army  Building  on 
Monday,  the  12th  instant,  at  10  o'clock  a.  m.. 


New  York  City,  December  12, 1881—10  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  test  with  the  Boch  gun  No.  15,  subjecting 
it  to  the  rusting  bath,  after  which  the  Marlin  gun  No.  16  was  taken  up 
and  tested,  with  the  results  as  stated  in  the  synopsis. 

The  Board  then  adjourned  to  meet  Wednesday,  the  14th  instant,  at 
10  a.  m. 


New  York  City,  December  14,  1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captain  Benteen,  Captain  Shorkley  Cap- 
tain Litchfield,  and  the  recorder.  '     ^^ 

Absent,  Captain  Greer  (sick). 

The  Board  continued  the  tests  of  the  Boch  gun  No.  15,  with  results 
a8  stated  in  the  synopsis. 

The  following  communication  from  the  Ai^jutant-General  of  the  Army 
was  received  and  read : 
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Headquarters  of  the  Army, 
Adjutant-General's  Office, 

Washingionj  December  12,  1881. 

Sir:  I  am  instrncted  by  the  General  of  the  Army  to  say  that  he  desires  the  Board 
on  Magazine  Guns  to  take  into  consideration  the  propriety  and  feasibility  of  the  adop- 
tion of  a  rifle  adapted  to  all  arms  of  the  service,  cavalry,  artillery',  and  infantry,  and 
which  would  supersede  the  carbine. 

Very  respectfully,  your  obedient  servant. 

R.  C.  DRUM, 

AdJutanUGeneral. 
Col.  John  R.  Brooke, 

Third  Infantry,  President  Board  on  Magazine  GtiR«,  yew  York  City, 

The  Board  then  adjoamed  to  meet  to-morrow  at  9.30  a.  m. 


New  York  City,  December  15, 1881 — ^9.30  a.  m. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  testing  of  Lieutenant  Eussell's  gun 
No.  17,  with  results  as  stated  in  the  synopsis  (see  Appendix  B). 
The  Board  then  adjourned  to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  December  16, 1881—10.30  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  heard  Lieutenant  Russell,  of  the  Ordnance  Corps,  in  re- 
gard to  recommending  the  manufacture  of  a  new  bolt  system  for  small- 
arms,  invented  by  him. 

After  duly  consideHng  the  essay  and  model  submitted  by  Lieutenant 
Eussell,  the  Board  informed  him  that  they  were  not  satisfied  that  the 
model  was  of  such  a  character  as  to  justify  such  recommendation  on 
their  part.  The  Board  think  Lieutenant  Russell  is  in  no  way  prohibited 
from  asking  this  favor  of  the  Secretary  of  War  (see  Appendix  C). 

The  Board  then  adjourned  to  meet  tomorrow,  the  ifth,  at  10.30  a.  m. 


New  York  City,  December  17, 188^ — 10.30  a.  m. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  testing  of  gun  No.  17,  putting  it  in  the  rust- 
ing bath  at  11  o'clock  a.  m. 
The  Board  then  adjourned  to  meet  Monday,  the  19th  day  of  December, 
SI  J  at  10  o'clock  a.  m. 


1881 


New  York  City,  December  19, 1881. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members. 

Absent,  the  recorder,  excused  by  the  Board. 

The  Board  completed  the  primary  test  of  gun  No.  17,  with  results  as 
stated  in  the  synopsis,  after  which  it  adjourned  to  meet  Monday,  the 
3d  day  of  January,  1882,  at  11  a.  m. 
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New  York  City,  January  3, 1882—10  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members. 

Absent,  Lieut.  S.  A.  Day,  recorder,  by  pennission  of  the  Board. 

Letter  dated  December  27,  1881,  was  received  from  the  Adjutant- 
General,  stating  that  Col.  J.  R.  Brooke,  president  of  the  Board,  was 
directed  by  the  General  of  the  Army  to  repair  to  Washington,  D.  C, 
for  the  purpose  of  discussing  certain  matters  under  consideration  by  the 
Board. 

A  letter  was  received  from  the  depot  quartermaster  inclosing  copy  of 
communication  from  the  Quartermaster-General  of  the  Army,  authpriz 
ing  the  employment  of  a  draughtsman  for  the  use  of  the  Board. 

Letter  and  telegram  were  received  from  Mr.  Sweeny,  representing  the 
J.  M.  Marlin  Fire  Arms  Company,  of  New  Haven,  Conn.,  and  from  Mr. 
William  Trabue,  respectively,  stating  that  the  former  would  appear 
before  the  Board  ou  the  4th,  and  the  latter  on  the  5th,  with  their  maga- 
zine guns. 

The  assignee  of  Patrick  Culleu,  deceased,  submitted  for  the  inspection 
of  the  Board  a  magazine  gun,  caliber  .44. 

After  examination  of  the  gun,  the  gentleman  was  informed  that  ample 
time  would  be  afforded  him  to  prepare  one  adnpted  to  the  service  car- 
tridge when  the  one  submitted  was  withdrawn. 

The  president  of  the  Board  informed  it  that  he  had  visited  Washing- 
ton, under  orders  of  the  General  of  the  Army,  and  conferred  with  him 
and  the  Chief  of  Ordnance  in  regard  to  the  matter  referred  to  in  the 
letter  from  the  Acyutant-General  of  the  Army,  of  December  27,  1881. 

The  Board  then  entered  upon  an  informal  discussion  as  to  the  pro- 
priety and  feasibility  of  adopting  a  single  arm  for  all  arms  of  the  service, 
in  accordance  with  the  instructions  of  the  General  of  the  Army,  as  con- 
tained in  his  letter  of  December  12, 1881,  after  which  the  Board  adjourned 
to  meet  at  10.30  a.  m.  the  4th  instant. 


New  York  City,  January  4, 1882 — 10.30  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members. 

Absent,  Lieut.  S.  A.  Day,  recorder,  by  permission  of  the  Board. 

Mr.  P.  Boch  appeared  before  the  Boar.  I  and  submitted  his  magazine 
gun,  which  was  received  and  entered  on  the  docket  as  No.  18. 

Mr.  J.  J.  Sweeney  also  appeared  before  the  Board  with  the  Marlin 
magazine  gun,  which  he  decided  not  to  submit  for  the  present. 

It  being  impracticable  to  proceed  with  tests  of  guns  before  the  Board 
on  account  of  the  extreme  cold  weather,  the  Board  adjourned  to  meet 
at  11  a,  m.  the  5th  instant. 


New  York  City,  January  5, 1882 — 11  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members. 

Absent,  Lieut.  S.  A.  Day,  recorder,  by  permission  of  the  Board. 

Letter  was  directed  to  Mr.  Charles  P.  Hill  notifying  him  that  his 
services  as  clerk  were  no  longer  required  by  the  Board. 

The  extreme  cold  weather  still  continuing,  preventing  tests  of  guns, 
the  Board  adjourned  to  meet  at  11  a.  m.  the  6th  instant. 
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New  Yobk  City,  January  6, 1882. 

The  Board  met  parsaant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  matter  under  consideration  on  the  3d  instant, 
after  which  it  acUourned  to  meet  on  Monday,  the  9th  instant,  at  10  a.  m. 


New  Yobk  City,  January  9, 1882. 

The  Board  met  pursuant  to  a^ourument. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  consideration  of  the  matter  under  discussion 
at  the  last  meeting,  and  agreed  upon  the  following  report : 

"Office  of  the  Boaiid  of  Magazine  Guns, 

"Abmy  Building, 
"  Ketc  York  City^  January  9, 1882. 

^*SiB:  In  reply  to  your  communication  of  the  12th  December  ult., 
requiring  the  Board  on  Magazine  Guns  to  takn  into  consideration  the 
propriety  of  adopting  a  rifle  for  all  arms  of  the  service,  I  have  tbe  honor 
to  report  that  the  Board  is  unanimous  in  the  opinion  that  it  is  desirable 
and  feasible  to  adopt  a  rifle  adapted  to  all  arms  of  the  service,  and 
which  would  sui)ersede  the  carbine. 

"  Very  respectfully,  your  obedient  servant, 

"JNO.  R.  BROOKE, 
"  Colonel  Third  Infantry^  President  of  Board. 

**The  Adjutant-Genebal,  U.  S.  A., 

*'  Washingtony  J).  C.^ 

After  which  it  adjourned  to  meet  to-morrow  at  10  a  m. 


New  Yobk  City,  January  10, 1882—10  o'clock  a.  m. 

The  Board  met,pursnant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  Boch  gun  No.  18,  a  modification  of  his 
previous  gun,  with  the  results  as  stated  in  the  synopsis,  after  which  it 
a^ourned  to  meet  to-morrow  at  10  a.  m. 


New  Yobk  City,  January  11, 1882—10  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  except  Captain  Litchfield,  excused  by  the 
Board,  and  the  recorder. 

The  weather  being  too  inclement  for  outdoor  work,  the  Board  pro- 
ceeded with  the  examination  of  the  target  records,  &c.,  with  a  view  to 
making  a  special  report  upon  the  advisability  of  using  the  rifle  cartridge 
in  the  carbine  and  dispensing  altogether  with  the  carbine  cartridge, 
after  which  it  adjourned  to  meet  to-morrow  at  10  a.  m. 


New  Yobk  City,  January  12, 1882—10  o'clock  a.  m. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

23  OBD 
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The  Board  proceeded  with  the  testing  of  the  Trabae  gan  No.  19,  with 
reaults  as  stated  in  the  synopaia. 
Tht)  Board  ac^ourned  to  meet  to-morrow  at  10  a.  m. 


Nbw  Yobk  City,  January  13, 1882, 

The  Board  met  pursuant  to  acUoomment. 

Pivseut^  all  the  members  and  the  recorder. 

The  Board  examined  the  applications  and  recommendations  of  tJie 
several  applicants  for  the  clerkship  of  the  Board,  and  decided  to  em- 
ploy Mr.  Kichardson. 

After  some  discussion  of  the  fbrm  of  the  special  report  on  cartndges 
the  Board  a^jo^urued  to  meet  Monday,  the  16th,  at  10  a.  m. 


New  Tobk  City,  Jmmmmry  16, 1882. 

The  Board  met  pursuant  to  a^onmment 

Present^  aU  the  members  and  the  recorder. 

The  Board  continued  the  testing  of  the  Trabue  gun  Xo.  19,  with  re- 
sults as  stated  in  the  synopsis. 

The  Board  then  took  u^  the  Boch  gun  No.  20,  a  modiicatkm  of  K«. 
18«  with  results  as  slated  m  the  synopsm. 

A  commuuication  was  received  from  the  Adjutant-General  rdating 
to  the  recommendation  of  a  ritfe  suitable  for  all  arms  of  the  serviee,&c^ 
herewith  appended ;  also  one  firom  Lieotmant  ItesselL  of  the  Ordiiaace 
l^epartwent,  i^iative  to  the  teetng  of  his  gun  Xo.  14,  herewith  ap- 
pe«Kled« 

The  Board  adjourned  to  meet  to-morrow  at  10  a.  m. 


Xbw  YoUl  Citt«  Jmmmmry  17, 1882. 

The  Board  met  pursuant  to  a^joitniment. 

Pred«al^  all  tlM»  ineiibei^  and  the  recorder. 

The  Boanl  con^odet^  the  $ub>*ct  referred  to  in  the  eosmimicatioa 
ctf'  the  Actiutant  iieaeral  of  January  IX  l^^  alter  which  it  a^jofcd 
to  me^  t«>-mom>w  at  U  a.  m. 


:Ssw  You:  Crrr.  Jmrnmrnwy  l^  1S82— 11  o'clock  a. 

The  KMrd  sk^  pcursoant  to  a^K^ormment. 

Fty«ieft««  all  t^  SMmbersi  and  the  leojtrder. 

Pj)<  B^^Ani  cver.n^i^d  t^^  c\Ku^Kierat:oa  i>f  the  nl^ect  «f  a  litte 
ab^  M'  all  arm»  ^  th-e  wrriciN  aad  addraawd  a  leuer  ef  iafiij  tm  the 
Ac*:£tascAW»fraI  ia  ne^caid  to  smdc^  after  whxh  it 
at  11  a.  m. 


Xkw  York  Crrx.  ^«»«m7  MC  ISSSl 

l!fc«  l^'tikri  <»ai<:*:*npd  ti<  >u'^>fvC  >■<  ;:*  ry^^ct  *«  the  aiiTisati;^^  < 
«$tu  ;i^  n::*?  <iir:rr«i^  ur  r^*  «fcr>-:peaa^  c*>g*rc.5t^^  with  Ac 
crjc^w  *:!^«  wixa  ;«  *k^xcr»^i  tc  sseec  AMnccrvw  ae  It  ;a.  s. 
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New  Tobk  City,  January  20, 1882. 

Tlie  Board  met  pursuant  to  a^journmeut^ 

Present,  all  the  members  and  the  recorder. 

The  Board,  after  some  discussion,  passed  the  following  resolution : 

^^Eeaolvedj  That  it  has  been  and  is  now  the  desire  of  the  Board  to  en- 
courage, in  all  ways  consistent  with  an  impartial  discharge  of  its  duty, 
exhibitors  and  inventors  to  make  and  present  before  the  Board  such 
magazine  guns  as  may  best  suit  the  requirements  of  the  military  serv- 
ice, and  to  secure  this  end  a  fair  intercbange  of  ideas  with  suggestions 
to  inventors  ftt)m  members  of  the  Board  is  desirable;  and  still  further  to 
stimulate  inventors,  the  recorder  will  furnish  them  opportunities,  upon 
application,  to  examine  a  copy  of  the  record  of  the  Board  of  any  regular 
tests  made  of  their  guns. 

The  Board  then  adjourned  to  meet  Monday,  the  23d  instant,  at  11  a.  m. 


Kew  Toek  City,  January  23, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

A  letter  from  the  Adjutant-General  of  the  Army,  in  reply  to  the 
letter  of  the  Board  of  January  18, 1882,  was  received.    Copy  appended. 

The  Board  proceeded  with  an  informal  discussion  of  the  matter  re- 
ferred to,  after  which  it  a(\iourned  to  meet  to-morrow  at  11  a.  m. 


New  Yobk  City,  January  24, 1882. 

The  Board  met  pursuant  to  adjournment. 

All  the  members  present,  and  the  recorder. 

In  accordance  with  the  request  of  Maj.  Anson  Mills,  Tenth  Cavalry, 
addressed  to  a  member  of  the  Board,  a  letter  was  sent  to  Mr.  F.  Yet- 
terly,  chief  manager  Industrial  Society,  Schaffhauser,  Switzerland,  in- 
viting him  to  present  for  examination  and  report  his  magazine  rifle. 

After  further  discussion  of  the  matter  under  consideration,  the  Board 
adjourned  to  meet  to-morrow  at  11  a.  m. 


New  Yobk  City,  January  25, 1882. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  under  consideration  yesterday, 
after  which  it  adjourned  to  meet  to-morrow  at  10  a.  m. 


New  Yobk  City,  January  26, 1882. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  under  consideration  yesterday, 
after  which  it  adjourned  to  meet  Monday,  the  3(M;h  instant,  at  11  a.  m. 
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Sew  Tobk  Citt,  Janmmrg  30. 1882. 

The  Board  met  ponmant  to  adjoonnnent. 

Preveut,  all  the  members  and  the  recorder. 

The  Board  contioaed  the  farther  oongideration  of  the  sobject  referred 
to  in  the  letter  of  the  Adjatant-GeDeral  of  JMiaaiy  21, 1882,  after 
which  it  adjourned  to  meet  to-morrow  at  11  m.  m. 


New  York  City,  Januan^  31, 1882. 

The  Board  met  parsnant  to  adjoammeDt. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad- 
journed to  meet  to-morrow  at  11  a.  m. 


New  York  City,  February  1, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday  and  other  duties  con- 
nected with  the  subject  of  magazine  guns,  after  which  it  a^oumed  to 
meet  to  morrow  at  J 1  a.  m. 


New  York  City,  February  2, 1882. 

The  Board  met  pursuant  to  adjournment. 

I'resent,  all  the  members  ami  the  recorder. 

The  Board  continued  the  business  of  yesterday,  including  comparison 
of  scores  and  examination  of  the  reconl  of  the  experiments  with  cart- 
ridges, after  which  it  a(Uoumed  to  meet  Monday,  the  6th  instant,  at 
11  a.  m. 


New  York  City,  Fd)ruary  6, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  rei^eived  and  examined  the  Trabue  gun  No.  21,  but  on  ac- 
count of  the  depth  of  snow  on  the  firing  grounds  the  trisd  of  it  was 
])08tponed  until  to-morrow,  until  which  time  it  then  adjourned  to  meet 
at  11.30  a.  m.  on  Governor's  Island. 


New  York  City,  Ftbruary  7, 1882. 

The  Board  met  pursuant  to  ac^oumment. 

l^resent,  all  the  members  and  the  recorder. 

The  Boaril  procee<led  with  the  testing  of  the  Trabue  gun  No.  21,  with 
results  as  stated  in  the  syno}>8i8,  atter  which  it  adjourned  to  meet  at 
the  Army  Building  to-morrow  at  11  a.  m. 


New  York  Cfty,  FArumry  8, 1882. 
The  Board  met  pursuant  to  a<\|oamment. 
l^Tt^i^nt,  alt  the  members  and  the  recorder. 
The  Board  proceeded  with  the  consideratioQ  of  i^  r^wrt  on  the  ad 
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visability  of  using  the  rifle  cartridge  in  the  carbine  and  dispensing 
with  the  carbine  cartridge,  after  which  it  adjourned  to  meet  to-morrow 
at  11  a.  m. 


New  York  City,  February  9, 1882. 

The  Board  met  pursuant  to  a^oumment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  test  of  the  Trabue  gun  Ko.  21,  with  results 
as  stated  in  the  synopsis,  after  which  the  Board  adjourned  till  Monday, 
the  13th  instant,  to  enable  the  recorder  to  verify  the  record  of  the  car- 
tridge tests  before  flnal  action  in  making  the  report.^ 


New  York  City,  February  13, 1882. 

The  Board  met  pursuant  to  a^oumment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  Trabue  gun  No.  21,  with  results  as  stated 
in  the  synopsis,  after  which  it  adjourned  to  meet  to-morrow  at  11  a.  m. 


New  York  City,  February  14, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  consideration  of  the  subject  referred  to  in 
the  letter  from  the  Ac^utant-Oeneral  of  the  Army,  October  13, 1881,  and 
a  report  agreed  upon,  after  which  it  at^oumed  to  meet  to-morrow  at 
11  a.  m. 


New  York  City,  February  15, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  considered  the  matter  of  its  report  on  the  advisability  of 
recommending  a  ntle  suitable  for  all  arms  of  the  service,  aflter  which  it 
a<\joumed  to  meet  to-morrow  at  11  a.  m. 


New  York  City,  February  16, 1882. 

Private  Charles  J.  Dean  came  before  the  Board,  submitting  a  maga- 
zine gun  of  his  invention. 

After  examination  of  its  mechanism,  &c.,  the  Board  submitted  it  to 
the  tests,  with  results  as  stated  in  the  synopsis,  after  which  the  Board 
acyourned  to  meet  Monday,  the  20th  instant,  at  11  a.  m. 


New  York  City,  February  20, 1882. 

The  Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  a(\joumed  to  the  testing  grounds  on  Governor's  Island 
for  the  continuation  of  the  test  of  gun  No.  22,  but  the  inventor  failing 
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to  pnt  in  an  appearance,  tbe  Board  considered  the  matter  of  the  specie 
fications  for  tbe  new  experimental  rifle,  after  which  it  adjourned  to  meet 
to-morrow  at  11  a.  m. 


New  Tobk  City,  February  21, 1882. 

Tbe  Board  met  pursuant  to  adjournment. 
Present,  all  tbe  members  and  tbe  recorder. 

Tbe  Board  ftirtber  considered  tbe  subject  of  a  rifle  suitable  for  all 
arms  of  tbe  service,  and  agreed  upon  tbe  following  report : 

Report  of  the  Board  on  ma^gaaine  gunSy  in  oompHanee  with  letters  o/Adfu- 
tant-Generalj  United  States  Armyy  dated  December  12, 1881,  and  Janu- 
ary 21, 1882. 

After  giving  tbe  matter  a  careful  and  exhaustive  consideration,  and 
without  experimental  tests,  the  Board  would  recommend  for  trial  a 
modified  Spnngfleld  rifle,  caliber  .45,  as  follows: 

Barrel  to  be  28  inches  long,  to  be  the  same  size  at  muszle  as  the  pres- 
ent service  barrel;  to  be  made  nearly  a  straight  taper,  and  to  weigh 
four  ounces  more  than  tbe  present  service  barrel,  with  both  3  and  6 
grooved  rifling,  and  to  be  chambered  for  the  2^  shell. 

Sight  slide  to  be  so  arranged,  with  a  screw,  as  to  have  a  central  fast- 
ening to  prevent,  if  desired,  lateral  sliding,  for  cavalry  use;  the  gradu- 
ations adjusted  to  tbe  28-inGh  barrel,  leaving  tbe  reu*  sight  in  tbe  same 
relative  position  to  tbe  breech  block  as  upon  present  service  barrel. 

Breech  block  to  have  a  friction  joint  to  retain  it  in  any  desired  posi- 
tion when  open. 

Stock  to  be  fbll  length,  in  its  present  general  form,  tbe  butt  plate  t^ 
have  form  of  the  present  long-range  Springfield  rifle,  suited  to  the 
present  service  stock,  or  perhaps  better  still  the  pattern  known  as  shot- 
gun butt  used  on  sporting  rifles,  using  large  projectiles  and  powder 
charges. 

Sling  to  be  used  as  upon  tbe  present  service  rifle*;  swivels  to  be  bent 
to  conform  to  tbe  round  of  the  stock  to  better  adapt  it  for  cavalry  use. 

Lock  to  have  the  stroke  of  tbe  hammer  as  much  shortened  as  prac- 
ticable and  retain  a  three-notched  tumbler  with  hammer  as  low  as 
possible  when  in  safety  notch;  the  half-cock  notch  to  be  as  low  as 
practicable  and  still  permit  opening  of  tbe  breech  block. 

In  making  this  recommendation  tbe  Board  have  consideration  for 
facility  of  manufacture,  and  the  small  cost  of  producing  the  rifle  for 
trial,  and  have  taken  tbe  Springfield  system,  as  it  is  believed  to  be  near 
the  length  of  any  approved  magazine  system  it  may  be  desirable  to 
use;  and  tbe  present  service  rifle  may  be  taken  as  a  standard  of  excel- 
lence in  testing  tbe  modified  rifle. 

Tbe  Board  recommend  only  what  would  seem  to  it  needed  changes 
to  secure  a  desirable  adaptability  of  the  Springfield  rifle  for  all  branches 
of  tbe  military  service,  and  request  that  the  rifle  be  prepared  at  tbe 
National  Armory,  and  submitted  to  tbe  Board  for  examination  before 
being  forwarded  to  the  War  Department  for  trial. 

Referring  to  the  last  clause  of  tbe  letter  from  Headquarters  of  tbe 
Army,  dated  January  21, 1882,  tbe  Board  would  furtbei;  recommend, 
for  the  purpose  of  comparative  tests  of  the  28-incb  and  30-inch  bsurels 
in  rifles  of  the  same  total  length  over  all,  the  trial  of  a  30-ineh  barrel 
in  some  of  the  many  Sharps  systems  understood  to  be  on  himd  at  the 
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National  Aronoiy.    A  sample  of  saoh  a  rifle  was  before  the  Board  and 
is  of  the  following  dimensions,  &c. : 

Length  over  all 46^  indies. 

Length  of  barrel    *• 30   inches. 

Weight  of  arm  withont  bayonet.. 9^  ponnds. 

Diameter  of  barrel  at  breech  end  for  f  of  italen^h • l|  inches. 

Diameter  of  barrel  at  1^  inches  in  front  of  last  point l-iV  inches. 

Diameter  of  barrel  at  6  inches  i¥om  last  point 1  inch. 

Diameter  of  barrel  at  12  inches  from  breech « iinoh. 

Diameter  of  barrel  at  24  inches  from  breech \l  inch. 

Diameter  of  barrel  at  muzzle f  inch. 

The  barrel  should  be  chambered  for  the  2^  shell,  and  the  muzzle 
diameter  reduced  to  carry  the  bayonet  at  present  in  use. 

The  gun-stock  should  be  full  length,  and  suited  to  the  carrying  of  a 
ramrod,  sling,  &o.  \ 

The  butt  plate  should  be  as  broad  at  the  heel  as  practicable,  with  all 
angles  well  rounded,  being  the  same  in  general  form  as  heretofore  rec- 
ommended for  the  Springfield  system. 

This  rifle  with  its  30-inch  barrel  is  only  some  2  j  inches  longer  than 
the  present  Hotchkiss  carbine  issued  to  cavalry,  and  is  somewhat 
shorter  than  the  Springfield  rifle  with  the  28-ineh  barrel. 

0»ptain  Greer  desires  to  state  concerning  his  vote  on  the  resolution 
in  regard  to  the  Sharps  system,  that  the  Board  convened  by  General 
Orders  No.  58,  Ac^jutant-General's  Office,  1872,  of  which  Brig.  Gen. 
Alfred  H.  Terry  was  president,  after  long,  careful,  and  exhaustive  tests 
of  the  99  systems  presented,  among  which  was  the  Sharps,  recom- 
mended for  adoption  by  the  United  States  that  known  as  the  Spring- 
field. In  addition,  the  act  of  June  6,  i872,  under  which  that  BoaM 
was  organized,  expressly  provides  that  the  system  so  recommended 
"  shall  be  the  only  one  to  be  used  by  the  Ordnance  Department  in  the 
man^fa>oture  of  mv^lcets  and  carbines  for  the  militartt  service.^  For  these 
reasons  Captain  Greer  records  his  vote  in  the  negative. 

The  Board  would  recommend  that  more  than  one  rifle  of  each  pattern 
be  made  by  experiments,  and  that  one  of  each  be  sent  to  the  Board  for 
its  examination  before  more  are  made. 

JOHN  R.  BROOKE, 

Colonel  Third  Infantry. 
J.  W.  BENTEEN, 

Captain  Seventh  Cavalry. 
GEORGE  SeORKLEY, 

Captain  Fifteenth  Infantry. 
H.  G.  LITCHFIELD, 

Captain  Second  Artillery. 
JOHN  E.  GREER, 

Captain  of  Ordnance. 
8.  A.  DAY, 
First  Lieutenant  Fifth  Artillery^  Recorder. 

Several  manufacturers  of  guns  having  expressed  a  willingness  to 
submit  to  the  Board  models  of  rifles  fllliug  any  specified  conditions 
desired,  the  following  letter  was  directed  to  be  sent  to  them: 

^*  I  am  directed  to  inform  you  that  the  Board  on  Magazine  Guns  have 
under  consideration  the  subject  of  a  suitable  single  or  magazine  breech- 
loading  rifie  for  use  of  both  mounted  and  tbot  troops. 

It  is  thought  that  you  might  be  pleased  to  submit  for  examination  a 
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model  of  such  ann,  complying  satotontially  wWi  the  following  specn- 
fications: 

Length  over  all,  45  to  48  inches. 

Length  of  barrel,  26  to  30  inches* 

Weight,  without  bayonet,  9  to  9^^  ponnds. 

Fore  stock  to  be  of  foil  length,  saited  to  carrying  rod,  bayonet,  &c. 

Butt-plate,  broad  at  the  heel,  as  in  the  '^shotgun''  form,  and  withoat 
unnecessary  curve  or  sharp  angles. 

To  be  chambered  for  a  .45  caliber  2^inch  cartridge-shell.'' 

After  which  the  Board  adjourned  to  meet  Thursday,  the  23d  instant, 
at  11  a.  m. 


^  I^EW  TORK  City,  FOfrnary  23, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  test  of  the  Dean  gun,  which  was  re- 
entered, with  the  results  as  stated  in  the  synopsis,  after  which  it  ad- 
journed to  meet  Monday,  the  27th  instant,  at  11  a.  m. 


New  Yobk  City,  February  27, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captains  Ben  teen,  Shorkley,  and  Greer,  and 
the  recorder. 

Absent,  Captain  Litchfield,  on  duty. 

A  communication  was  received  from  Maj.  Anson  Mills,  Tenth  Cav- 
alry, with  tracings  and  specifications  for  a  magazine  gun  of  his  inven- 
tion and  which  he  proposed  to  build  at  the  National  Armory  under 
certain  conditions.  As  the  letter  stated  that  the  matter  had  been  sub- 
mitted to  the  Chief  of  Ordnance,  it  was  read  and  filed  for  future  con- 
sideration. 

There  being  no  other  business  before  it,  the  Board  then  a<]youmed  to 
meet  to-morrow  at  11  a.  m. 


Few  York  City,  February  28, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 

Absent,  Captain  Litchfield,  on  duty. 

A  communication  was  received  from  the  Lee  Arms  Company  and  also 
one  from  Mr.  J.  P.  Lee,  making  certain  inquiries  in  regard  to  submitting 
a  magazine  gun  complying  with  certain  specifications,  and  stating  a 
desire  to  submit  also  a  single-loader  with  a  cartridge-box  of  peculiar 
construction;  and  to  which  replies  were  directed  to  be  sent. 

The  Board  having  no  further  business  before  it,  adjourned  to  meet 
to-morrow  at  11  a.  m. 


New  Yoek  City,  March  1, 1882. 
The  Board  met  pursuant  to  acyournment. 

Present,  Colonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 
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Absent,  Oaptain  Litohfleld,  on  daty. 

In  consequence  of  Gaptain  Shorkley  being  ordered  to  proceed  to 
Washington,  and  there  being  no  business  before  it,  the  Board  a^joamed 
to  meet  Monday,  6th  instant. 


New  Toek  City,  March  6, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  Oolonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 

Absent,  Captain  Litchfield,  on  duty  in  Washington. 

Mr.  Spencer  came  before  the  Boaixl  with  the  Spencer-Lee  magazine 
gun  No.  24,  presented  by  Mr.  J.  W.  Frazier,  of  New  York. 

After  an  exhibition  of  its  mechanism  and  working,  the  weather  being 
inclement,  the  Board  decided  to  test  it  the  first  suitable  day. 

The  Board  then  adjourned  to  meet  to-morrow  at  11  a.  m. 


New  Yobk  City,  March  7, 1882. 

The  Board  met  pursuant  to  adjournments 

Present,  Colonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 

Absents  Captain  Litchfield,  on  duty  in  Washington. 

The  Board  proceeded  with  the  tests  of  the  Spencer-Lee  gun  No.  24, 
with  results  as  stated  in  the  synopsis;  after  which  it  acyourned  to  meet 
to-morrow  at  10.30  a.  m. 


New  Yoek  City,  March  8, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 

Absent,  Captain  Litchfield,  on  duty  in  Washington. 

The  Board  continued  the  testing  of  the  Spencer-Lee  gun  No.  24,  with 
results  as  stated  in  the  synopsis,  after  which  it  adjourned  to  meet  to- 
morrow at  11  a.  m. 


New  Yobk  City,  March  9, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 

Absent,  Captain  Litchfield,  on  duty  in  Washington. 

Copy  of  a  letter  from  the  Ac^jutant-General  of  the  Army  to  the  Chief 
of  Ordnance  was  received  and  considered  by  the  Board  and  a  reply 
sent. 

The  weather  being  too  inclement  forout  door  work  the  Board  ad* 
joumed  to  meet  to-morrow  at  11  a.  m. 


New  Yoek  City,  March  10, 1882. 

Board  met  pursuant  to  a^oumment. 

Present,  Colonel  Brooke,  Captains  Benteen,  Shorkley,  and  Greer,  and 
the  recorder. 


\ 
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Absent,  Captain  Litchfield,  on  daty  in  Washington. 

The  Board  continned  the  testing  of  gnn  No.  24,  with  results  as  stated 
in  the  synopsis,  after  which  the  Boiuxl  adjourned  to  meet  Monday,  the 
13th  instant,  at  11  a.  m. 


New  York  City,  March  13, 1883. 

Board  met  pursnant  to  a^onmment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  to  test  the  Dean  gun,  No.  25,  with  results  as 
stated  in  the  synopsis,  after  which  it  a<^oamed  to  meet  to-morrow  at 
11  a.  m. 


New  York  City,  March  14, 1882. 

Board  met  pursuant  to  ac^oumraent 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  testing  of  the  Boch  gnn.  No.  26,  with 
resnlts  as  stated  in  the  synopsis,  after  which  it  adjourned  to  meet  to- 
morrow at  10  a.  m. 


New  York  City,  March  16, 1882. 

Board  met  pursnant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

Mr.  Whipple  came  before  the  Board  representing  Messrs.  £.  Rem- 
ington &  Sons,  presenting  a  new  Remington-Keene  gun,  which  was  en- 
tered upon  the  docket  as  gun  No^  27. 

After  examining  its  mechanism  and  working,  and  noting  wherein  it 
dififered  from  the  previous  guns  of  the  same  name,  the  Board  profseeded 
to  test  according  to  the  rules  with  the  result  as  stated  in  the  synopsis, 
after  which  the  Board  adjourned  to  meet  to-morrow  at  10  a.  m. 


Nbw  Yoek  City,  March  16, 1882. 

The  Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  weather  being  too  inclement  for  outdoor  work,  the  Board  pro- 
ceeded to  the  examination  of  the  Boch  gun,  No.  26,  as  to  the  alterations 
made  in  it  since  the  test  was  begun. 

The  Board  then  considered  the  subject  of  setting  a  day  limiting  the 
date  at  which  guns  will  be  received,  after  which  the  Board  adjourned 
to  meet  Monday,  the  20th  instant,  at  11  a.  m. 


New  York  City,  March  20, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  inventor  of  the  Boch  gnn  set  down  for  continuation  of  the  tests 
to-day,  not  presenting  himself,  and  no  other  business  being  before  it, 
the  Board  a^oumed  to  meet  to-morrow  at  10.30  a.  m. 
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New  York  Oitt,  March  21, 1882. 

Board  met  pnrsaant  to  adjonmnient. 
Present,  all  the  members  and  the  recorder. 

The  weather  being  too  inclement  for  outdoor  work,  the  Board  ad- 
journed to  meet  to-morrow  at  10.30  a.  m. 


New  Toek  City,  March  22, 18«2. 

Board  met  pnrsaant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  ccmtinued  the  testing  of  the  Boch  gun,  No.  26,  with  re- 
sults as  stated  in  the  synopsis,  after  which  it  adjourned  to  meet  to- 
morrow at  10.30  a.  m. 


New  Toek  City,  March  23, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

A  letter  from  Lieut.  A.  H.  Russell,  transmitting  a  new  and*  larger 
magazine  for  his  gun,  with  a  set  of  cartridge-cases,  was  received  and 
placed  on  file,  and  the  following  reply  directed  to  be  sent : 

Office  op  Board  on  Magazine  Guns, 

Army  Building, 
New  Yoke  City,  March  27, 1882. 

Sir  :  The  Board  on  Magazine  Guns  desires  me  to  say  in  reply  to  your 
communication  of  the  17th  instant,  that  it  does  not  understand  that 
your  magazine  accompanying  your  letter  comes  within  the  scope  of  the 
inquiry  intended  by  General  Order  No.  31,  Adjutant-General's  Office, 
series  1881. 

It  is  deemed  your  provinoe  to  so  arrange  your  magazine  as  to  come 
under  the  head  of  '^  magazine  guns,''  which  is  now  the  subject  of  in- 
quiry by  the  Board. 

In  its  present  shape,  and  under  the  construction  placed  on  your  letter, 
it  would  seem  you  desire  the  Board  to  apply  your  magazine  to  some 
gun.  If  this  construction  be  the  one  you  intend,  the  Board  desires  to 
inform  you  that  it  does  not  so  interpret  the  order  convening  it,  and 
cannot  attempt  to  carry  out  your  desires. 

Copies  of  the  papers  submitted  by  you  to  the  Board  will  be  fhmished 
as  soon  as  practicable,  if  you  will  designate  which  you  require. 
Very  respectfully,  your  obedient  servant, 

8.  A.  DAY, 
First  Lieutenant^  Fifth  Artillery y  Recorder. 

Lieut.  A.  H.  Russell, 

Ordnance  Department^  U.  8.  A.,  Boch  Island  Arsenal^  III. 

Mr.  J.  W.  Sweeney  was  notified  that  his  gun  would  be  tested  on 
Monday,  the  27th  instant,  after  which  the  Board  adjourned  to  meet 
Monday,  the  27th  instant  at  10.30  a.  m. 


New  Yoke  City,  March  27, 1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 
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The  weather  being  too  inclement  for  work  out  of  doors^  the  Board 
considered  certain  correspondence,  after  which  it  ad[joarned  to  meet 
to-morrow  at  10.30  a.  m. 


Few  Yobk  City,  March  28, 1882. 

Board  met  pnrsoant  to  adjonmment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  test  of  the  Marlin  gan,  No.  2-i,  with 
results  as  stated  m  the  synopsis,  after  wldch  it  a^onmed  to  meet 
to-morrow  at  10.30  a.  m. 


New  York  City,  March  29, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  test  of  the  Marlin  gun  with  results  as  stated 
in  the  synopsis,  after  which  it  a<\jourued  to  meet  to-morrow  at  10.30 
a.  m.    • 


New  York  City,  Marck  30, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  Captains  Benteen,  Litchfield,  Shorkley,  and  Greer,  and  the 
recorder. 

Absent,  Colonel  Brooke  (sick). 

The  Board  on  account  of  the  inclemency  of  the  weather  and  absence 
of  the  president,  sick,  aiyourned  to  meet  Monday,  the  3d  of  April. 


New  Yor«  City,  April  3, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  Captains  Benteen,  Shorkley,  Litchfield,  and  Greer,  and  the 
recorder. 

Absent,  Colonel  Brooke. 

The  Board  continued  the  tests  of  the  Boch  gun,  No.  26,  and  Marlin 
gun,  No.  28,  with  results  as  stated  in  the  synopsis,  after  which  it  ad- 
journed  to  meet  to-morrow  at  10  o'clock  a.  m. 


New  York  City,  April  4, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  Captains  Benteen,  Shorkley,  Litchfield,  and  Greer,  and  the 
recorder. 

Absent,  Colonel  Brooke. 

The  Board  proceeded  with  the  test  of  the  Remington  Keene  gnu,  No. 
29,  submitted  by  Mr.  Whipple,  with  results  as  stated  in  the  synopsis, 
after  which  it  acyoumed  to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  April  5, 1882. 
Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 
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A  letter  fit>iD  Mr.  H.  Elliot  was  received  and  considered,  and  a  reply 
stating  the  sabstantial  compliance  witli  his  reqaest  was  directed  to  be 
sent;  after  which,  there  being  no  other  business  before  it,  the  Board  ad- 
journed to  meet  Monday,  the  17th  instant,  at  11  a.  m. 


New  Toek  City,  April  17, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  tests  of  the  Bemington-Eeene  gun,  No. 
30,  with  results  as  stated  in  the  synopsis,  after  which  the  Board  ad- 
journed to  meet  to-moiTow  at  10.30  a.  m. 


New  Yobk  City,  Aprily  18, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  tests  of  gun  No.  30,  with  results  as  stated  in 
the  synopsis,  and  also  considered  the  subject  of  fixing  a  date  at  which 
it  would  cease  to  receive  guns  for  examination,  after  which  it  adjourned 
to  meet  the  20th  instant  at  10.30  a.  m. 


New  Yoek  City,  April  20, 1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  test  of  gun  No.  30,  with  results  as  stated  in 
the  8ynox)sis,  alter  which  it  adjourned  to  meet  to-morrow  at  10.30  a.  m. 


New  Yobk  City,  April  21, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  considered  the  subject  ot  fixing  a  date  at  which  new  mod- 
els will  be  received,  and  the  following  communication  was  sent  to  the 
Adjutant-General  of  the  Army: 

Office  of  Boaed  on  Maoazine  Guns, 

Aemy  BUILDINa, 
New  York  City^  April  21, 1882. 

SiE :  The  Board  on  Magazine  Guns  would  respectfully  report  that  up  to 
the  present  time  it  has  examined  and  tested  thirty  guns.  That  it  has 
known  of  about  six  more  still  to  come,  the  inventors  having  signified  their 
intentions  to  submit  them,  and  it  would  ask  whether,  under  the  circum- 
stances, it  is  desirable  at  this  time  to  fix  a  date  limiting  the  time  that 
new  models  may  be  received  and  examined. 

Very  respectfully,  your  obedient  servant, 

JOHN  R.  BBOOKB, 
Colonel  Third  Infantry ^  President  of  Board, 
To  the  AdjutantGeneeal, 

United  States  Army^  Washington^  2>.  0. 

There  being  no  other  business  before  it,  the  Board  adjourned  to  meet 
Monday,  the  1st  day  of  May,  or  sooner,  at  the  call  of  the  president. 
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Nbw  Yokk  Cirr,  ift^  1^  188S. 

Board  met  pursuant  to  adjoommeiit. 

Present,  all  the  menbeni  and  the  reeorder. 

The  Board  considered  the  advisalnlity  of  petniimug  the  inreutofs 
of  the  B^nington-Keene,  gun  ¥0. 30,  to  make  a  slight  raodificatian  of 
the  model  tested,  and  which  was  decided  in  the  affirmative,  after  which 
it  acyonmed  to  meet  to-mc«row  at  11  a^  m. 


5kw  Toiut  City,  Maf  2, 1882. 

Board  met  pursuant  to  adjoomment. 
Present,  all  the  members  and  the  reccnder. 

Thi^e  being  no  business  before  it,  the  B<Mund  adjourned  to  meet  Tues- 
day, the  9th  instant,  at  11  a^  m. 


YOMC  CiTT,  Maf  9, 1882. 

Board  met  pursuant  to  adjoumm^it. 

Present,  all  the  members  and  the  recorder. 

A  communication  was  received  from  the  Adjutant-General  of  the 
Army  relative  to  fixing  a  date  limiting  the  time  for  the  receipt  of  new 
models  of  guns  tot  examination ;  also  <Hie  from  lieutenant  Bussell,  of 
the  Ordnance  C<hi>s,  withdrawing  his  gun  for  modification  and  repairs. 

The  Board  adjourned  to  meet  Thursday,  the  11th  instant,  at  10  a.  m. 


New  Tosk  City,  Jfof  U,  1882. 

Board  met  pursuant  to  adjournment* 
Present,  all  the  ^nembers  and  the  recorder. 

There  being  no  business  b^bre  it,  the  Board  adjourned  to  meet  Mon- 
day, the  15th  instant,  at  U  a.  m. 


Xkw  York  City,  May  15, 1882. 

Board  met  pursuant  to  a4]l)oumment.  a 

Present,  all  the  members  and  the  recorder. 

The  gun  expected  for  trial  to-day  not  having  been  presented,  and 
there  being  no  other  business  before  it,  the  Board  adjourned  to  meet  to- 
morrow at  10.90  a.  m. 


]^EW  ToKK  City,  May  16, 1882. 

Board  met  pursuant  to  adjournment. 
Presenti  all  the  members  and  the  recorder. 

The  gun  expected,  not  coming  in,  the  Board  adjourned  to  meet  to- 
morrow at  11  a.  m. 


]yKW  roKK  Cmr,  May  17, 1882. 

Board  met  pursuant  to  a^joonment. 
Present,  all  the  m^nbers  and  the  recorder. 
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Mr.  Frazier  came  before  tfae  Board,  presenting  the  Speneer-Lee  gnn 
for  test^  with  which  the  Board  proceeded,  with  resalts  as  stated  in  the 
synopsis,  after  which  it  adjourned  to  meet  to*morrow  at  10.30  a*  m. 


Few  Tokk  City,  May  18, 18S2. 

Board  met  pursuant  to  adjournment. 

Present^  all  the  members  and  the  recorder. 

The  Board  continued  the  test  of  the  Spencer-Lee  gun,  with  results  as 
stated  in  the  synopsis,  after  which  it  adjourned  to  meet  at  the  call  of 
the  president. 


New  York  City,  June  15, 1882. 

Board  met  pursuant  tb  a(\joumment,  at  call  of  the  president. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  testing  of  the  Dean  gun,  No.  32,  and 
Chaflfee-lleece  gun,  No.  33,  with  results  as  stated  in  the  synopsis,  after 
which  the  Board  adjourned  to  meet  Monday,  the  19th,  at  lo  a.  m. 


New  York  City,  June  19, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  test  of  the  Chaffee-Reece  gun,  No.  33,  with 
results  as  stated  in  the  synopsis.  There  being  no  further  business  be- 
fore it,  the  Board  then  adjoarned  to  meet  at  the  call  of  the  president. 


New  York  City,  June  27, 1882. 

Board  met  pursuant  to  adjournment,  at  the  call  of  the  president. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  examination  and  testing  of  the  Hotch- 
kiss  gun,  No.  34,  with  results  as  stated  in  the  synopsis,  after  which  it 
aciyourned  to  meet  the  30th  instant  at  10.30  a.  m. 


New  York  City,  June  30, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  testing  of  the  Hotchkiss  gun,  No.  34,  with 
results  as  stated  in  the  syno])sis. 

A  letter  from  Maj.  Anson  Mills,  Tenth  Cavalry,  was  read  and  con- 
sidered. 

There  being  no  further  business  before  it,  the  Board  acyoumed  to  meet 
at  the  call  of  the  president. 


New  York  Ciiy,  July  10, 18S2. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  testing  of  the  Speneer-Lee  gun,  No.  35, 
with  results  as  stated  in  the  synopsis. 
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Kkw  Tosk  Citt,  Jmij^  12, 1882. 

Boaud  met  porsnant  to  adjonmiceiit. 

Pre^Dt^  ^I  the  members  and  the  lecorder. 

Mr.  A.  SherkLui  Jones*  of  Dakota,  came  before  tbe  Board,  expressing 
a  deare  to  mbmit  to  it  a  ^a  of  his  inveotioa  in  a  few  days. 

A  eommonkation  from  tbe  Soeiti^  ImdmstriMe  Same,  in  refeteuce  to 
nfantting  tktt  Veterli  magazine  inm.  vas  fomrded  to  the  A^jatant- 
Geaeral  of  the  Army  for  instrnetkmft  in  the  caae. 

The  Board  then  adjonmed  to  iMet  to^BMino v  at  10l30  a^  m. 


:Ksw  York  Citt,  Jmi§  13, 1882. 

Board  met  pnrsnaot  to  a<!>oammeBt. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  tes^ting  of  the  Speneer-Lee  gun,  'So. 
3S«  Tith  results  as  stated  in  the  synopsis^ 

A  resolntion  wns  passed  dinecting  the  recorder  to  be  present  at  the 
office  of  the  Board  on  the  14th  and  15tb  instants  the  last  date  on  which 
gnns  c  mM  be  received  *  and  docket  any  pins  coming  in  on  Uioee  dates, 
aiter  which  it  adjonmed  to  meet  Monday,  the  17th  instant  at  16.30  a.  m. 

In  accordance  with  the  above,  on  the  14th,  a  representatiYe  of  Messrs. 
Mann  &  Co..  of  Nev  York.  m»ie  personal  and  written  application  Ibr 
the  entry  a]x>n  the  docket  of  a  gna  expected  by  them  from  Vienna, 
Anstrta,  which  had  not  yet  arrived. 

On  the  loth,  Mr.*  Traboe  pres^ented  a  new  gnn  of  his  invention  for  ex- 
amination and  test,  which  was  enteied  upon  the  docket  as  Xo.  41, 


Xkw  York  Citt,  Jmi§  17, 1882. 

Board  met  pnr^nant  to  adjournment, 

Pressent,  Colonel  Brooke,  Captains  Shorkley,  Litchfield,  and  Otee 
and  the  recorder. 

Absent,  Captain  Benteen   sickV 

The  Board  then  proceeded  with  the  testing  of  the  Bnrton  guns, 
37  and  38,  with  re>$ults  as  stated  in  the  synopsis. 

The  commanication  of  Messrs.  Mnnn  &*  Co.,  of  the  14th  instant,  in  ref- 
erence to  the  Schulhof  gun,  was  refierred  to  the  War  Department  for  in- 
structions in  the  case,  a^er  which  the  Board  adjonmed  to  meet  to-mor- 
row at  10  a.  m. 
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New  York  City,  July  18, 1882. 

Board  met  pursuant  to  a<ljournnient. 

Present,  all  the  members  and  the  recorder. 

The  Board  took  up  and  proceeded  with  the  testing  of  the  Springfield- 
Jones  gun,  No.  39,  with  results  as  stated  in  the  sjiiopsis,  after  which 
it  adjourned  to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  July  19, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members. 

Absent,  the  recorder  (excused). 

The  Board  continued  the  testing  of  the  Jones  gun.  No.  3D,  with  re- 
sults as  stated  in  the  synopsis,  after  which  it  adjourned  to  meet  to- 
morrow at  10  a.  m. 


New  York  City,  July  20, 1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  testing  of  the  Eussell-Livermore  gun. 
No.  40,  with  results  as  stated  in  the  synopsis. 
The  Boanl  then  adjourned  to  meet  Monday,  the  24th  instant,  at  10  a.  m. 


New  York  City,  July  24,  1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  considered  the  subject  of  supplementary  tests,  examining 
the  record,  &c.,  after  which  it  adjourned  to  meet  tomorrow  at  10.30 
a.  m. 


New  York  City,  July  25, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  testing  of  guns  Nos.  36  and  40,  putting 
them  in  the  rust  bath  at  12  m.,  after  which  it  adjourned  to  meet  at  10.30 
a.  m.  the  26th  instant. 


New  York  City,  July  26, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  Colonel  Brooke,  Captains  Shorkley,  Benteeu,  Litchfield, 
and  Greer,  and  the  recorder. 

Mr.  Trabue  appeared  before  the  Board  and  expressed  a  desire  to 
withdraw  his  gun,  No.  41,  submitted  July  15.  After  deliberation  the 
Board  decided  to  grant  Mr.  Trabue's  request.  The  gun  was  then 
delivered  to  him  without  having  been  submitted  to  test  of  any  kind. 

The  Board  tlien  adjourned  to  meet  at  10.30  a.  m.  the  27th  instant. 

24   ORD 
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New  York  City,  July  27, 18:^2. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  testing  of  the  Lee  gun,  No.  3G,  and  Russell- 
Livermore  gun,  No.  40,  with  results  as  stated  in  the  synopsis. 

To  enable  the  recorder  to  make  up  a  consolidated  synopsis  of  the 
primary  tests  of  all  the  guns  submitted,  the  Board  adjourned  to  meet 
Monday,  the  Slst  instant,  at  10.30  a.  m. 


New  York  City,  July  31, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  considered  the  subject  of  supplementary  tests,  examining 
the  records,  and  handling  the  models,  after  which  it  adjourned  to  meet 
to- morrow  at  10.30  a.  m. 


New  Y^ork  City,  August  1, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  consideration  of  the  subject  of  supplement- 
ary tests. 

A  request  to  the  Chief  of  Ordnance  for  special  ammunition  for  use  in 
supplementary  tests  was  sent,  after  w  hich  it  adjourned  to  meet  Thurs- 
<lay,  the  3d  instant,  at  10.30  a.  m. 


New  York  City,  August  3, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  consideration  of  the  subject  of  supidement- 
ary  tests,  and  a<lopted  the  following  resolution  : 

Resolved^  That  the  supplementary  tests  heretofore  determined  upon 
be  modified  as  follows : 

SUPPLE3IENTARY  TESTS. 

1st.  To  be  fired  with  two  defective  cartridges,  Nos.  1  and  2,  and  then 
to  be  dusted  five  minutes,  the  mechanism  being  in  the  mouth  of  the 
blowpipe,  and  closed,  the  hammer  being  at  half-cock;  then  to  be  fired 
six  shots,  the  last  two  defective  Nos.  1  and  2;  then,  without  cleaning,  to 
be  dusted  with  the  breech  open  and  fired  four  shots.  The  piece  to  be 
freed  from  dust  only  by  jioumling  or  wiping  with  the  bare  hand. 

2d.  To  be  fired  fi\id  rounds  with  the  service  cartridge;  then,  without 
cleaning,  and  magazine  filled,  to  be  fired  five  rounds  with  120  grains 
powder  and  a  ball  weighing  1,200  grains;  the  gun  to  stand  twenty-four 
hours  after  firing  without  cleaning,  and  then  to  be  thoroughly  examined. 

3d.  Fiicility  of  manipulation  by  members  of  the  Board. 

4tb.  Lial)ility  to  accidental  explosions  of  cart.idges  in  the  magazine. 

A.  Magazine  to  be  filled  with  each  of  the  four  kinds  of  cartridges  on 
hand  and  shut  off.  Then  to  be  fired  one  hundred  rounds,  as  a  single 
!oaler,  in  ihe  fixed  rest,  using  the  heavy  Frankfonl  cartridges  (TO-oCM) 
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grains)  in  the  chamber  to  obtain  greatest  recoil  when  practicable.  The 
<jartridges  in  the  magazine  to  be  examined  and  changed  after  each  fifty 
^hots. 

B.  Same  as  in  A,  except  the  magazine  being  half  filled. 

C.  Same  as  in  A,  except  the  gun  suspended  by  wires  so  as  to  permit 
greatest  extent  of  re<5oil. 

5th.  Test  strength  of  parts  by  dropping,  &c. 

That  the  following  guns,  appearing  to  combine  in  each  the  most  desi- 
rable and  complete  systems  adapted  for  military  use,  be  submitted  to 
the  foregoing  tests  with  a  view  to  determining  as  nearly  as  practicable 
which  of  the  six  will  best  meet  the  requirements  of  the  service,  viz : 
Marlin,  No.  28;  Remington-Keene,  No.  30;  Chafl'ee-Reece,  No.  33; 
Ilotchkiss,  No.  34;  Spencer-Lee,  No.  35;  Lee,  No.  36. 


New  York  City,  August  7, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  comparison  of  the  reconls,  and  the 
iimmunition  for  the  supplementary  tests  not  having  been  received,  ad- 
journed to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  August  8,  1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  ammunition  for  the  supi)lenientary  tests  not  having  arrived,  and 
there  being  no  further  business  before  it,  the  Board  adjourned  to  meet 
Thursday  the  10th  instant,  at  10.30  a.  m. 


New  York  City,  August  10,  1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  ammunition  for  the  supplementary  tests  not  having  arrived,  and 
the  advices  indicating  that  it  would  not  be  here  for  several  days,  and 
the  Board  having  no  other  business  before  it,  adjourned  to  meet  Mon- 
<lay,  the  14th  instant,  at  10.30  a.  m. 


New  York  City,  August  14, 1882. 

Board  met  pursuant  to  adjournment. 

l^resent,  all  the  members  and  the  recorder. 
•  The  Board  c<>ntinued  the  testing  of  the  Burton  gun,  No.  37,  with  re- 
i5ults  as  stated  in  the  synopsis.   After  which  it  adjourned  to  meet  to-mor- 
row at  10.30  a.  m. 


New  York  City,  August  15, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  supplementary  testing  of  guns  No.  28 
and  No.  30,  with  results  as  stated  in  the  synopsis,  after  which  it  ad- 
journed to  meet  to-morrow  at  10.30  a.  m. 
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Xew  York  City,  August  16,  ISS2. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  supplementary  testing  of  the  Marlin 
gun  No.  28,  with  results  as  stated  in  the  synopsis. 

The  president  of  the  Board  having  been  ordered  to  Newj)ort  Barracks, 
Kentucky,  on  court-martial  duty,  the  Board  adjourned  to  meet  at  the 
call  of  the  president  on  his  return. 


Xew  York  City,  August  28,  1882. 

Board  met  pursuant  to  adjournment,  at  the  call  of  the  president. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  supplementary  testing  of  the  Remington- 
Keene  gun,  Xo.  30,  and  took  up  the  Hotchkiss  gun,  No.  34,  with  results 
as  stated  in  the  synopsis.  After  which  the  Board  adjourned  to  meet  to- 
morrow at  10.30  a.  m. 


Kew  York  City,  August  29,  1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  supplementary  testing  of  the  Hotchkiss 
gun,  No.  34,  and  took  up  the  Chaffee-Iieece  gun,  l^o.  33,  also  the  Lee 
gun,  No.  36,  with  results  as  stated  in  the  synopsis,  after  which  the 
Board  adjourned  to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  August  30,  1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  finished  the  testing  of  the  Hotchkiss  gun,  No.  34,  and  also 
of  the  Chaft'ee-Eeece  gun.  No.  33,  with  results  as  stated  in  the  synopsis. 
After  wliich  the  Board  adjourned  to  meet  tomorrow  at  10.30  a.  m. 


New  York  City,  August  31, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  took  up  the  Spencer- Lee  gun.  No.  35,  and  submitted  it  to 
the  first  and  second  supplementary  tests,  and  also  finished  with  the 
testing  of  the  Lee  gun.  No.  36,  with  results  as  stated  in  the  synopsis,, 
after  which  the  Board  adjourned  to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  September  1,  1882. 

Board  nlet  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  finished  the  supplementary  testing  of  the  S])encer-Lee 
gun.  No.  35,  with  results  as  stated  in  the  synopsis,  after  which  the 
Board  adjourned  to  meet  Tuesday,  the  5th  instant,  at  10.30  a.  m. 
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New  York  City,  September  5, 18S2. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  examination  of  the  records,  and  agreed 
upon  the  form  of  its  report. 

At  the  request  of  Captain  Benteen,  a  letter  was  addressed  to  the  Ad- 
jutant-General of  the  Army,  stating  that  the  work  of  the  Board  was 
finished  (with  the  exception  of  signing  of  the  report),  and  recommend- 
ing that  Captain  Benteen  be  relieved  from  duty  on  the  Board  and  re- 
turned to  his  regiment. 

The  Board  then  adjourned  to  meet  Monday,  the  11th  instant,  at 
10.30  a.  m. 


New  York  City,  September  11, 1882. 

Board  met  pursuant  to  adjournment. 

Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  examination  of  the  record  of  proceed- 
ings, drawings,  and  descriptions  of  guns  so  far  as  completed,  after 
which  it  adjourned  to  meet  to-morrow  at  10.30  a.  m. 


New  York  City,  September  12, 1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  following  order  from  the  War  Department,  relieving  Captain 
Benteen  from  duty  as  a  member  of  the  Board,  was  received  and  tiled : 

[Special  Orders  No.  210.— Extract] 

Headquarters  of  the  Ar.my, 
Adjutant-General's  Office, 

fVashington^  September  9,  1SS2. 
#»••»#■♦• 

a.  By  direction  of  the  Secretary  of  War,  Captain  Frederick  W.  Benteen,  Seventh 
Cavalry,  is  relieved  from  duty  as  a  member  of  the  board  of  oflScers  appointed  by 
General  Orders  No.  31,  March  21,  Ir^t^l,  from  this  office,  and  will  proceed  to  join  his 
troop. 

Bv  command  of  General  Sherman  : 

K.  C.  DRUM, 
Adjuiatil-GeneraL 
Official : 

S.  N.  Benjamin, 

Assistant  Adjutant- General. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad- 
journed to  meet  to-morrow  at  11  a.  ra. 


Xew  York  ('ity,  September  13,  18S2. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad 
journed  to  meet  tomorrow  at  11  a.  m. 
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Kew  York  City,  September  14, 1882. 

Board  met  pursuant  to  adjoummeut. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad- 
journed to  meet  Monday,  the  18th  instant,  at  11  a.  m. 


New  York  City,  September  18, 1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  the  last  meeting,  after  which  it 
adjourned  to  meet  to-morrow  at  11  a.  m. 


Xew  York  City,  September  19,  1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad- 
journed to  meet  to-morrow  at  11  a.  m. 


New  York  City,  September  20,  1882. 

Board  met,  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad- 
joumed  to  meet  to-morrow  at  11  a.  ra. 


New  York  City,  September  21,  1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  continued  the  business  of  yesterday,  after  which  it  ad- 
journed to  meet  Tuesday,  the  26th  instant,  at  11  a.  m. 


New  York  City,  September  26, 1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  examination  of  the  record,  after  whicb 
it  adjourned  to  meet  to-morrow  at  11  a.  m. 


New  York  City,  September  27,  1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  examination  of  the  record,  after  which 
it  adjourned  to  meet  to-morrow  at  11  a.  m. 
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New  York  City,  September  28, 1882. 

Board  met  pursuant  to  adjournnieut. 
Present,  all  the  members  and  the  recorder. 

The  Board  proceeded  with  the  examination  of  the  record,  after  which 
it  adjourned  to  meet  to  morrow  at  11  a.  m. 


New  York  City,  September  20,  1882. 

Board  met  pursuant  to  adjournment. 
Present,  all  the  members  and  the  recorder. 

The  Board  completed  the  examination  of  its  record,  and,  there  being 
no  further  business  before  it,  adjourned  sine  die, 

JOHN  R.  BROOKE, 
Colonel,  Third  Infantry,  President 
S.  A.  Day, 

First  JAeutenant  Fifth  Artiilery,  U,  S.  A,,  Recorder. 


List  of  guns  suhmiitedy  with  exhibitor^ s  address. 

No.  Name.  |  Exhibitor's  address. 

1  Rcmiugt6n-Keene E.  Reiuin^ton  and  Sons.  570  State  street,  Si»ringfleld,  Mas-*. ; 

or  283  Broadway,  New  York. 

2  Do Same  as  lor  No.  L 

3  Boch    Philip  Boch.  3  East  Seventy-sixth  street.  Now  York. 

4  Uoichkiss Wincht'ster  Anns  Company,  New  Haven;  Conn. 

5  !><>  Same  as  for  No.  4. 

6  Chaffoe-Reece Genenil  J.  N .  Keece,  Springfield,  ni. 

.  7     Boch 1  Same  as  f«»r  No.  3. 

H     Romington-Keene Same  as  for  No.  1. 

9     Uotchkiss .Same  as  for  No.  4. 

10  Leo Lee  Arms  Company,  nion,  N.  Y. 

11  Do .Same  as  for  No.  10. 

12  Trabuo William  Trabue,  Louisville,  Ky. 

13  i  Boch * ,  ."^ame  as  for  No.  3. 

14  '  Russell A.  H.  Russell,  Fort  Union  Arsenal,  Fort  Union,  N.  Mer. 

15  ,  Boch '  Same  as  for  No.  3. 

16  j  Marlin  Msrlin  Fire  Arms  Company,  New  Haven,  Conn. 

17  j  Russell Same  as  for  No.  14. 

18  Boch I  Same  as  for  No.  3. 

19  Trabue Same  as  for  No.  12. 

20  ;  Boch Same  as  for  No.  3. 

21  I  Trabue ,  Same  as  for  No.  12. 

22  Dean Private  Charles  J.  Dean,  First  Cavalry,  Fort  Walla  WalJa, 

I      Washington  Ter. 

23  j      Do Same  as  for  No.  22. 

24  I  Spencer-Lee J.  W.  Frazier,  290  Broadway.  New  York. 

25  j  Dean I  Same  as  for  No.  22. 

26  !  Boch Same  as  for  No.  3. 

27  Remington-Keene >  Same  as  for  No.  1. 

28  Marlin i  Same  as  for  No.  16. 

29  Remington-Keene Same  as  for  No.  1. 

30  Do I  Do. 

31  Spencer- Lee Same  as  for  No.  24. 

32  Dean Same  as  for  No.  22. 

33  Chaffee- Reece i  Same  as  for  No.  6. 

34  Hotchkiss Same  as  for  No.  4. 

35  '  Spencer-Lee :  Same  as  for  No.  24. 

36  I  Lee ,  Same  as  for  No.  10. 

37  Burton W.  G.  Burton.  23  Irvinij  Place,  Bi-ooklyn,  N.  Y. 

38  1      Do Same  as  for  No.  37. 

39  I  Springfield -Jones J.  Sheridan  Jones.  Menno,  Dakota  Ter. 

40  Russell -Li  vormoro '  Same  as  for  No.  14. 
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Kemington-Keene  Magazine  Gun,  Xo.  1. 

(Plate  I.) 

description. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  receiver,  shown  in  Fig.  1,  is  cut  through  at  the  rear  for  the  breech- 
bolt,  and  at  tlie  side  for  the  handle  when  the  bolt  is  locked. 

The  breech-bolt  is  composed  of  three  parts,  viz,  the  body  or  lockings 
tube  A,  Vig.  2 ;  the  cocking-piece  B,  Fig.  3  j  and  that  (0,  Fig.  4)  which 
serves  to  connect  the  other  two. 

The  extractor.  Fig.  1,  lies  in  a  groove  just  in  front  of  the  rib  of  the 
locking-tube.    Its  tenon,  D,  enters  a  recess  in  the  side  of  the  tube. 

The  rib  is  bored  out  for  a  spiral  spring  and  spindle,  E  and  F,  Fig.  1, 
the  latter  of  which  bears  against  the  rear  of  the  extractor,  which  is 
turned  up  nearly  at  right  angles  to  its  length,  holding  the  front  down 
on  the  cartridge  head. 

When  the  bolt  is  unlocked  the  extractor  rides  around  the  head  of 
the  cartridge.  The  ejector,  Fig.  5,  which  is  attached  to  the  front  face 
of  the  locking-tube,  is  pierced  for  the  point  of  the  tiring-pin.  Its  upper 
extremity  is  pivoted  to  the  bolt,  while  its  lower  is  free  to  move  to  the 
front  when  struck  by  the  carrier-lever  G,  Fig.  1,  when  the  bolt  is  with- 
drawn. In  that  case  the  extractor  pulls  on  the  upper  side  of  the  car- 
tridge, while  the  under  side  is  struck  by  the  ejector.  The  effect  is  to 
throw  the  shell  clear  of  the  gun. 

The  cocking-piece  is  terminated  at  front  by  the  firing-pin,  Fig.  6,  se- 
cured to  it  by  a  small  pin  at  right  angles  to  its  axis.  It  is  hollowed  out 
for  the  firing-pin  spring,  which  bears  on  the  rear  of  the  firing-pin  at 
front,  and  at  rear  on  a  screw  at  right  angles  to  the  axis  of  the  spring, 
through  the  part  C)  of  the  bolt.  The  cocking-piece  is  provided  with 
half  and  full  cock  notches.  A  projection,  H,  on  the  cocking-piece  enters 
a  recess,  I,  on  the  rear  of  the  locking-tube.  The  form  of  this  projection 
and  its  corresponding  recess  is  such  as  to  cam  bade  the  cocking-piece 
when  the  bolt  is  unlocked,  far  enough  to  permit  the  half-cock  notch  to 
pass  beyond  the  sear  at  the  same  time  withdrawing  the  point  of  the 
firing-pin  within  the  face  of  the  bolt.  The  piece  may  be  full-cocked  in 
the  ordinary  manner  by  the  hammer  or  cocking-lever  N,  Figs.  1  and  7, 
which  is  connected  with  the  cocking-piece  proper  by  the  link  O,  Figs.  1 
and  8. 

The  piece  may  also  be  cocked  by  drawing  back  the  bolt  and  then 
returning  it  to  its  locking  position.  The  bolt  is  prevented  from  being 
unlocked  at  half  cock  by  the  point  of  the  spindle  in  the  axis  of  the 
handle  entering  the  recess  T  in  the  cocking-piece.  The  spindle  is  held 
down  by  a  spiral  spring  which  gets  its  bearing  on  the  screw  K. 

A  fly,  P,  Figs.  1  and  12,  causes  the  rear  to  ride  over  the  full  to  the 
half  cock  notch  when  the  bolt  is  closed,  thus  automatically  locking  it. 

The  magazine  is  in  the  tip  stock.  The  carrier  is  pivoted  on  a  strong 
screw  through  the  side  of  the  receiver.  Its  lever  works  in  a  groove  in 
the  bottom  of  the  locking-tube;  when  the  bolt  is  Avithdrawn  the  front 
end  of  the  groove  strikes  on  the  lever  and  tips  the  carrier  up  in  a  posi- 
tion oblique  to  the  axis  of  the  bore,  bringing  the  point  of  the  cartridge 
opposite  the  center  of  the  chamber.  The  carrier  is  held  in  this  position 
by  the  catch  L,  which  springs  over  a  pin  on  the  inner  surface  of  tlie 
receiver.    When  the  bolt  is  closed  its  front  presses  against  the  catch 
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and  releases  it,  while  the  rear  end  of  the  groove  in  the  bottom  of  the 
locking-tube  strikes  the  carrier-lever  and  causes  the  carrier  to  descend 
opposite  the  mouth  of  the  magazine. 

A  magazine  cartridge-stop.  Fig.  11,  is  located  on  the  left  side  of  the 
receiver.  One.  extremity  partly  covers  the  mouth  of  the  magazine, 
while  the  other  projects  through  the  side  of  the  receiver  so  as  to  come 
in  contact  with  the  bolt.  The  flat  spring  holds  it  in  place.  When  the 
bolt  is  locked  the  end  of  the  stop  within  the  receiver  enters  the  groove 
iu  the  bottom  of  the  bolt,  as  seen  in  Fig.  10.  When  the  bolt  is  unlocked 
the  side  of  the  groove  presses  down  on  this  end  and  the  stop  moveis 
downward,  as  in  Fig.  9,  permitting  a  cartridge  to  come  out  of  the  maga- 
zine on  the  carrier. 

The  stop  is  so  constructed  that  a  projection  on  its  upper  side  descends 
just  in  front  of  the  rim  of  the  cartridge  as  the  lower  part  falls  in  rear 
of  it,  so  that  the  escape  of  a  second  cartridge  is  prevented.  When  the 
bolt  has  been  withdrawn  the  spring  returns  the  stop  to  its  first  position. 
A  magazine  cut-off,  M,  is  provided,  which  works  in  connection  with  the 
cartridge-stop.  A  projecting  arm  of  the  cutoff  may  be  made  to  enter 
a  recess  in  the  upper  extremity  of  the  stop  and  hold  the  latter  clear  from 
the  operation  of  the  bolt. 

The  magazine  is  loaded  from  below,  and  in  any  position  of  the  bolt. 

As  a  magazine  gun,  three  motions  are  necessary  to  operate  it,  viz, 
opened,  closed,  fired. 

As  a  single  loader,  four  motions  are  necessary,  viz,  opened,  loaded, 
closed,  fired. 

This  gun'carries  eight  cartridges  in  the  magazine  and  one  in  the  cham- 
ber. 

SYXOPSrS  OF  TESTS. 

Safety  test. 

The  gun  was  fired  in  this  test  by  Mr.  Whipple  (representing  the  Kem- 
iugton  Arms  Company),  firing  10  shots  in  21  seconds. 

REGULAR   TEST8. 
I.— IlAPIDITY   WITH   ACCURACY. 

Twenty-five  shots  were  fired,  leaving  7  cartridges  in  the  magazine, 
making  18  hits,  1  misfire. 

As  a  single  shooter. 

Thirty-six  shots  were  fired,  leaving  lln  the  cliamber,  making  13  hits. 

II. — liAPlDlTY  AT  WILL. 

Seventeen  shots  were  fired,  leaving  (>  in  the  magazine;  One  cartridge 
was  supposed  to  have  escaped  slightly  from  the  magazine  during  this 
test,  preventing  the  descent  of  the  carrier,  and  cfiusing  a  slight  loss  of 
time,  about  two  seconds.  Mr.  Whipple,  the  exhibitor,  stated  that  this 
was  caused  by  the  momentum  of  the  cartridge  in  being  rapidly  car- 
ried up. 

As  a  single  shooter. 
Twenty  one  shots  were  fi.red. 
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III. — Endurance. 

Five  hundred  shots  were  fired. 

The  113th  sliot  missed  fire;  went  on  third  trial. 

The  253d  shot  missed  fire;  went  on  second  trial. 

The  31)5th  shot  missed  fire;  went  on  second  trial. 

The  -ISOth  shot  missed  tire;  went  on  second  trial. 

After  firin<^  the  second  50  rounds,  on  inspection  it  was  found  that  the 
screw  securing  the  locking-plunger  and  spring  in  place  in  the  bolt-handle 
WAS  working  loose.  This  was  left  as  found,  and  the  test  continued.  At 
300  shots  it  worked  entirely  out  and  was  screwed  up,  remaining  in  place 
to  the  end  of  the  test. 

In  all  cases  where  the  gun  missed  fire  a  fair  indentation  was  found  in 
the  cartridge  head,  and  it  was  thought  that  the  failure  to  explode  the 
l)rimer  was,  in  most  cases,  due  to  the  bolt  not  having  been  entirely  re- 
volved into  place,  and  the  power  of  the  mainspring  had  been  partially 
used  to  complete  the  locking  of  the  mechanism  before  the  firing-pin  wan 
driven  forward. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  gas  through  vent  and  from  the  top  of  lK)lt. 
No.  2.  Ilesult  about  the  same  as  No.  1. 

Xo.  3.  Slight  escape  of  gas  through  the  vent.  Extnictor  failed  to 
draw  out  the  shell. 

v.— Dust. 

Worked  a  little  hard  after  the  second  dusting. 

\I. — IllST. 

A  little  hard  to  open  at  first,  but  after  some  handling  worked  well. 

A^II. — Excessive  charges. 

No.  1.  Eighty- five  grains  powder  and  1  ball.     Opened  hard. 
No.  2.  Ninety  grains  i)owder  and  1  ball.    Opened  hard. 
No.  3.  Ninety  gniins  ])owder  and  2  balls.     Very  hard  to  open.     Head 
of  shell  burst. 


Kemington-Keene  Gun,  No.  2. 

This  gun  differs  from  No.  1  (Plate  I),  before  described,  only  in  the 
omission  of  the  fly  P,  Figs.  1  and  12. 

SrXOPSIS  OF  TESTS. 

Safety  test. 

The  gun  was  handled  in  this  test  by  Mr,  Whipple  (representing  the 
Remington  Arms  Company),  firing  the  10  shots  in  19  seconds. 

■ 

Ref/nlar  tests. 

f. — Rapidity  with  accuracy. 

Thirty  one  shots  were  fired,  leaving  one  in  the  magazine,  making  6 
hits.     Four  cartridges  were  thrown  out  without  entering  the  chamber. 
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As  a  single  shooter. 

Thirty  two  shots  were  fired,  raakinfj  4  hits.  The  operator  much  fiitigiied 
firing  this  test. 

The  breech  opened  hard,  the  bolt  sometimes  sliding  forward  in  the 
way  of  the  operator  when  another  cartridge  is  being  put  in  the  cham- 
ber. 

IT. — llAPIDITY   AT   WILL. 

Nineteen  shots  were  tired,  leaving  5  cartridges  in  the  magazine;  2 
cartridges  were  tlirown  out  by  carrier. 

As  a  single  shooter. 
Twenty  shots  were  fired. 

III. — Endurance. 
Five  hundred  shots  were  fired;  2  misfires;  went  on  second  trial. 

IV.— Defective  cartridges. 

No.  1.  Liberal  escape  of  gas  from  above  and  below.  Paper  was  muclt 
torn  and  blackened. 

No.  2.  About  the  same  as  No.  1. 

No.  3.  No  escape  of  gas  except  at  the  "  vent,"  where  the  paper  was^ 
torn.    The  extractor  failed  to  bring  out  the  shell. 

V. — DrsT. 
The  extractor  failed  to  bring  out  the  first  shell  on  first  trial. 

Second  dusting. 

The  extractor  failed  to  bring  out  the  first  shell  until  the  fifth  triaL 
The  head  of  shell  burst. 

VI.— Bust. 

The  gun  opened  easily  and  worked  well  through  the  test. 

VII. — Excessive  charges. 

No.  1.  Eighty-five  grains  powder  and  1  ball.    Opened  hard. 
No.  2.  Ninety  grains  powder  and  1  ball.    Opened  hard. 
No.  3.  Ninety  grains  powder  and  2  balls.     Gun  opened  very  hard* 
Head  of  shell  burst. 


BocH  Gun,  No.  3. 
(Plate  V.) 

DESCRIPTION. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  stock  is  in  a  single  piece,  extending  nearly  to  the  end  of  the  bar- 
rel, and  secured  to  it  by  bands  held  in  place  by  springs. 
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The  tang-screw  A,  Fig.  1,  and  the  screw  B,  which  i)asses  into  the  re- 
ceiver, secure  the  latter  to  the  stock.  The  trigger-guard  is  fastened  by 
the  screws  C  and  D. 

The  receiver,  Fig.  1,  has  two  longitudinal  holes,  one  on  eacli  side. 
The  opening  on  the  left  side  is  for  the  ejection  of  empty  shells,  and  tlie 
one  on  the  right  side,  Fig.  2,  is  for  the  introduction  of  cartridges, 
whether  used  as  a  magazine  gun  or  as  a  single  loader.  The  latter  open- 
ing has  at  its  ends  two  projections,  E  and  F,  Fig.  1,  which  fit  to  cor- 
responding surfaces  on  the  magazine  when  the  latter  is  attached. 

The  receiver  is  perforated  at  its  rear  for  the  reception  of  the  breech- 
bolt. 

The  latter  consists  of  three  parts,  viz,  the  rear  piece,  Fig.  4,  through 
which  the  firing-pin.  Fig.  G,  passes,  the  projection  G  of  the  pin  fitting 
into  the  cut  H,  Fig.  4;  the  locking-tube,  including  the  handle.  Fig.  3, 
and  the  bolt-head  or  body.  Fig.  5,  through  which  the  firing-pin  passes, 
and  which  supports  the  cartridge  at  the  instant  of  fire. 

The  firing-pin  having  been  introduced  into  the  rear  i)iece,  Fig.  4,  is 
then  passed  through  the  firing-pin  spring;  the  movable  shoulder,  Fig. 

0,  is  then,  by  sufficiently  compressing  the  spring,  introduced  over  the 
head  of  the  pin,  and  by  giving  it  a  quarter  turn  is  retained  on  the  pin 
bearing  against  the  shoulders  I,  Fig.  6,  of  the  latter. 

The  spring  is  then  held  compressed  between  the  ends  J,  Fig.  4,  of  the 
rear  piece  and  the  movable  shoulder.  Fig.  9. 

The  firing-pin  and  spring  are  then  passed  through  the  locking-tube. 
Fig.  3,  and  then  through  the  bolt-head.  Fig.  5,  which  is  screwed  to  the 
rear  piece. 

The  locking-tube  has  two  projections,  K,  Fig.  3,  which,  when  the  handle 
•of  the  bolt  is  turned  down  in  the  receiver,  fit  into  two  recesses,  L,  Fig. 

1,  in  the  latter,  and  the  bolt  is  thereby  held  in  position. 

When  the  handle  of  the  bolt  is  turned  up  from  the  locked  position, 
the  curved  surface  of  the  cut  M,  Fig.  3,  cams  back  the  firing-pin  by 
means  of  the  projection  G,  Fig.  6  (which  slides  in  the  cut),  and  the 
latter  then  rests  in  the  notch  N,  Fig.  3,  and  the  piece  is  cocked. 

When  the  handle  is  turned  down  the  cut  M  is  brought  opposite  to 
the  projection  G,  Fig.  6,  which,  released  from  the  notch  N,  Fig.  3,  is 
held  by  the  nose  of  the  sear ;  hence  the  firing-pin  cannot  reach  the 
cartridge  until  the  bolt-handle  is  turned  down,  and  accidental  explosions 
are  therefore  avoided. 

The  bolt-head,  Fig.  5,  carries  the  extractor,  Fig.  7,  which  is  fastened 
to  it  by  means  of  the  dovetail  tenon  O,  which  tits  into  a  recess  in  the 
bolt-head.  The  Jbolt  head  is  prevented  from  turning  by  a  projection,  T, 
fitting  into  a  groove  in  the  receiver. 

The  sear  P,  Fig.  1,  is  notched  at  Q,  for  the  nose  of  the  trigger.  The 
sear  sprin^^  is  attached  to  the  under  side  of  the  tang  by  the  screw  K, 
Fig.  1.  The  trigger  wheii  pulled  releases  the  projection  G  of  the  firing- 
pin,  Fig.  1,  and  the  cartridge  is  exploded. 

The  extractor.  Fig.  7,  hooks  on  the  rim  of  the  cartridge  when  the  bolt 
is  closed,  and,  when  it  is  withdrawn,  throws  out  the  empty  shell  through 
the  hole  in  the  left  side  of  the  receiver  by  deflecting  it  from  the  axis  of 
the  chamber. 

The  magazine  is  shown  in  Fig.  11.  This  is  attached  to  the  right  side 
of  the  receiver,  as  shown  in  the  figure,  and  is  operated  by  the  wheel  S, 
which,  when  a  cartridge  is  to  be  introduced,  is  turned  so  that  a  cartridge 
can  drop  into  the  receiver,  when  the  bolt  then  pushes  it  into  the  cham- 
ber. 

The  magazine  holds  twenty  cartridges. 
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Safety  test. 

The  gun  was  handled  by  the  inventor,  who  fired  three  shots. 
The  extractor  failing  to  work,  the  gun  was  withdrawn. 


HoTCHKiss  Gun,  No.  4. 

DESCRIPTION. 

This  gun  was  similar  to  that  drawn  and  described  as  No.  5  (Plate  III)^ 
the  only  ditt'erence  being  that  No.  4  was  a  carbine  for  mounted  troops. 

SYNOPSIS  OF  TESTS. 

Safety  test. — The  gun  was  handled  in  this  test  by  Mr.  Albee,  repre- 
senting the  Winchester  Arms  Company. 

First  trial, — Extractor  failed  at  the  fourth  shot. 

Second  trial, — Time,  18J  seconds.  The  last  four  rounds  being  fired 
using  the  arm  as  a  single  shooter.  The  extractor  failed  once,  but 
brought  out  the  shell  at  the  second  trial. 

Regular  tests, 

I. — Rapidity  with  accuracy. 

First  trixtl, — The  extractor  failed  to  work  and  was  changed. 
Second  trial. — Thirty-one  shots  were  tired,  making  11  hits. 

As  a  single  shooter. 

Forty-one  shots  were  fired,  making  8  hits. 

II.— Rapidity  at  will. 

Sixteen  shots  were  fired,  leaving  o  in  the  magazine. 
The  hand  of  the  operator  twice  cut  oft*  the  magazine  by  striking  the 
ear. 

As  a  single  shooter. 

Twentvfour  shots  were  fired. 

III. — Endurance. 
Five  hundred  rounds  were  fired;  1  misfire;  went  on  second  trial. 

IV.— Defective  cartridges. 

No.  1.  Slight  escape  of  gas;  paper  torn. 
No.  2.  Same  as  No.  1. 
No.  3.  No  escape  of  gas. 

V. — Dust. 

Five  failures  to  extract  shells.  In  each  case  the  extractor  cut  away 
a  piece  of  the  cartridge  head.  After  the  second  dusting,  gun  worked 
well. 
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VI.— Bust. 
Gun  opened  hard,  but  worked  well  during  the  test. 

YII. — Excessive  charges. 

Ko.  1.  Eighty-five  grains  of  powder  and  1  ball.    Worked  well. 
No.  2.  Ninety  grains  of  powder  and  1  ball.     Worked  well. 
No.  3.  Ninety  graips  of  powder  and  2  balls.     Gun  worked  stiffly  at 
close  of  trial.    The  head  of  shell  burst  and  failed  to  extract. 


HoTCHKiss  Gun,  No.  5. 

(Plate  III.) 

description. 

• 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt  by  direct  action,  and  in  which  the  lock  but  not  the  hammer  or 
cocking- piece  is  concealed. 

The  receiver  shown  in  Fig.  1  is  cut  through  at  the  rear  for  the  recep- 
tion of  the  bolt;  it  is  also  cut  away  at  the  right-hand  side  to  recjeive 
the  handle  of  the  bolt  when  closed,  and  to  permit  the  ejection  of  the 
•em])ty  shells  towards  the  right  elbow  of  the  operator  when  tiring. 

The  breech-bolt  is  composed  of  three  parts,  viz,  the  locking-tul)e,  Pig. 
3,  of  which  the  handle  forms  a  part;  the  bolt-head,  Fig.  5,  and  the  rear 
l)ortion  or  cocking-piece,  Fig.  2,  to  which  the  tiring  pin  is  secured  by  a 
screw-thread. 

The  body  of  the  locking  tube  is  hollowed  out  for  the  firing-pin  and 
spring;  the  latter  bears  on  a  shoulder  near  the  rear  end  of  the  locking- 
tube. 

The  bolt  head,  which  supi)orts  the  cartridge  at  the  instant  of  fire, 
carries  the  extractor.  Fig.  10,  which  is  attached  to  its  side  by  means  of 
a  dovetail  tenon.  On  the  bolt-head  is  a  projection,  C,  which,  turnings  in 
a  groove,  T,  in  the  body  of  the  bolt,  serves  to  hold  the  two  parts  together. 

The  cocking  piece  is  held  in  contact  with  the  locking-tube  by  the  ten- 
sion of  the  mainspring.  The  firing  pin,  Fig.  14,  is  flattened  near  its  front 
end.  The  bolt-head  is  prevented  from  turning  about  the  pin  when  the 
bolt  is  withdrawn  by  the  tenon  of  the  extractor,  which  extends  into 
the  firing-pin  hole  nearly  to  the  flattened  surface  of  the  pin.  A  projec- 
tion, E.  on  the  bolt-head  enters  a  corresponding  recess  in  the  receiver, 
when  the  bolt  is  closed ;  consequently  the  bolt-head  cannot  turn  when  the 
body  of  the  bolt  is  rotated  about  its  axis,  as  in  the  act  of  closing  the  bolt. 

The  cocking-piece  is  shown  in  Fig.  2.  A  i)rojection,  F,  fits  in  a  recess, 
G,  on  the  rear  of  the  locking-tube;  the  form  of  the  projection  and  its  cor- 
responding recess  is  such  that  when  the  bolt  is  opened  the  cocking-piece 
is  cammed  back  beyond  the  nose  of  the  sear  or  upper  extremity  of  the 
trigger,  withdrawing  the  point  of  the  firing-pin  within  the  face  of  the 
bolt-head.  When  the  bolt  is  closed  by  turning  down  its  handle,  the 
mainspring  is  compressed;  by  pressing  on  the  trigger  the  sear  is  drawn 
from  the  cocking-piece,  and  the  firing-pin,  driven  forward  by  the  main- 
spring, explodes  the  cartridge. 

The  form  of  the  side  cut  in  the  receiver  is  such  that  the  breech-l>olt  i« 
cammed  forward  as  the  handle  is  turned  down,  forcing  the  cartridge 
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into  the  ebaiiiber.  As  the  liriug-piu  cannot  rea<jh  the  cartridge  uiitil  the 
bolt  is  entirely  closed  and  the  trigger  pulled,  accidental  discharges  are 
avoided. 

The  shai)e  of  the  cut  at  U,  Fig.  1,  is  such  as  to  cam  back  the  bolt  when 
the  handle  is  raised,  starting  the  empty  shell;  the  shells  are  thrown  out 
on  the  side  ot*  the  receiver,  which  is  cut  away.  The  extractor  being  on 
the  same  side,  the  shells  are  unsupported  against  its  side-pull  the  instant 
they  leave  the  chamber;  their  front  ends  being  consequently  deflected 
from  the  axis  of  the  receiver,  they  are  thrown  smartly  to  the  right  and 
fall  to  the  ground. 

The  magazine  is  in  the  butt-stock.  A  hole  is  drilled  in  the  receiver 
at  its  rear  and  below  the  breech-bolt,  oblique  to  the  axis  of  the  bore,  as 
in  Fig.  1 ;  through  this  hole  cartridges  are  fed  from  the  magazine  into  the 
chamber;  turning  down  the  handle  in  the  act  of  closing  the  bolt,  forces 
them  exactlv  into  place. 

The  trigger,  shown  in  Fig.  9,  bends  around  the  magazine-tube.  It 
bears  on  its  upper  surface  the  sear  S  and  the  projection  K ;  the  latter 
bears  against  the  lower  side  of  the  bolt  when  it  is  not  completely  closed 
ready  for  tiring,  thus  i)reventing  any  movement  of  the  trigger  or  car- 
tridge-stop, and  any  escape  of  cartridges  from  the  magazine.  The  rear 
end  of  the  cocking- j)iec*e  is  cut  away  on  the  under  side  to  permit  move- 
ment of  the  trigger  when  the  bolt  is  closed. 

The  cartridge-stop  is  shown  in  Fig.  1].  When  the  magazine  is  filled, 
which  is  done  by  pressing  the  cartridges  into  it  from  the  receiver,  they 
bear  against  the  stop,  as  shown  in  Fig.  1.  By  pressing  on  the  trigger 
the  stop  is  depressed  below  the  level  of  the  magazine,  and  the  cartridge 
nearCvSt  the  chamber  is  pushed  bj'  the  magazine-spring  past  the  stop 
against  the  under  side  of  the  bolt.  When  the  bolt  is  drawn  back  the 
iiartridge  slips  quickly  into  the  receiver,  while  the  one  following  it  is 
<3aught  and  detained  by  the  cartridge-stop,  which  has  only  been  depressed 
^luring  the  time  that  the  trigger  has  been  drawn  back.  It  will  be  seen, 
therefore,  that  the  ])ressing  of  the  trigger  to  tire  one  cartridge  permits 
the  next  one  to  partly  enter  the  receiver,  the  operation  being  completed 
when  the  bolt  is  withdrawn  with  the  empty  shell. 

The  magazine  cut-oli*  is  shown  in  Fig.  7;  it  has  the  end  of  its  axis  cut 
away  upon  one  side  to  allow  the  passage  of  the  cartridges  from  the  maga- 
yjne.  but  by  j)ashing  forward  the  thumb-piece,  the  edge  of  the  cut  on 
the  partially  rotated  axis  bears  against  the  rim  of  the  forward  cartridge 
and  prevents  it  from  feeding  into  the  chamber  when  the  trigger  is  pulled 
and  the  cartridge  stop  depressed. 

The  bolt-lock,  shown  in  Fig.  8,  is  on  the  left  side  of  the  receiver, 
opposite  and  apparently  symmetrical  with  the  cut  ofl';  but  on  the  end 
of  its  axis  it  has  two  transverse  cuts,  leaving  a  shoulder  which  engages, 
with  a  recess  in  the  trigger  when  the. thumb-piece  is  pushed  forward, 
preventing  all  movement  of  trigger,  cartridge-stop,  or  bolt,  and  securely 
locking  the  gun. 

This  gun  carries  five  cartridges  in  the  magazine  and  one  in  the 
chamber. 

As  a  magazine  gun  three  motions  are  necessary  to  operate  it,  \iz, 
x)pened,  closed,  tired.  As  a  single  loader  four  motions  are  necessary, 
viz,  opened,  loaded,  closed,  fired. 

SYNOPSIS  OF  TESTS. 

Safety  test 

The  gun  was  handled  in  this  test  by  Mr.  Albee  (representing  the 
AViuche^ter  Arms  Company),  tiring  the  10  shots  in  10.^  seconds. 
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Regular  tests, 
I. — Kapidity  with  accuracy. 

Twenty-live  shots  were  fired,  leaviug  2  cartridges  in  the  magazine 
and  making?  8  hits. 

In  this  test  the  magazine  was  twice  shut  off  by  the  hand  of  the  oper- 
ator accidentally  striking  the  ear  in  working  the  l)olt. 

As  a  single  shooter. 

Forty  two  shots  were  tired,  waking  15  hits. 

II. — Uapidity  at  will. 

NinettHMi  shots  wei*e  tired. 

As  a  single  shooter. 

Twenty-six  shots  were  tired. 

III.— Endurance. 

Five  hundi'eil  rounds  were  fire<l;  1  misfire;  went  on  second  trial,  a 
g<HHl  indentation  having  been  made  the  first. 

IV. — Defective  cartridges. 

No,  1,  IJboral  escai>e  of  gas;  pai>er  torn. 

No.  L\  About  the  same  as  ^o.  1. 

NiK  »>.  Slight  esi*ai>e  of  g-as  on  top:  i>ai>er  not  torn. 

V. — Dust. 
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The  Chaffee-Reece  Magazine  Gun,  No.  6. 

(Plate  IV.) 

DESCRIPTION. 

This  gun  is  shown  in  section  and  largely  in  detail  in  Plate  IV. 

The  receiver,  Fig.  1,  is  bored  longitudinally  for  the  reception  of  the 
breech-bolt;  it  is  also  cut  away  at  the  side  to  afford  a  shoulder  for  the 
handle  when  the  bolt  is  locked. 

The  bolt  is  composed  of  two  parts,  viz,  the  body,  or  locking-tube,  Fig. 
2,  and  the  cocking-piece  or  hammer,  Fig.  3. 

The  firiugpin,  Fig.  6,  is  screwed  into  the  hammer, aud  is  prevented 
from  becoming  unscrewed  by  a  small  i)in,  W,  at  right  angles  to  its  axis. 

The  mainspring.  Fig.  7,  which  incloses  the  firing-pin,  gets  a  bearing 
in  front  against  a  shoulder,  A,  on  the  pin,  and  in  rear  against  the  bush- 
ing B,  Figs.  1  and  5,  which  is  slipped  on  the  pin  before  it  is  screwed 
into  the  hammer.  The  bushing  and  the  body  of  the  bolt  are  locked 
together  by  the  interrupted-thread  system,  the  thread  in  this  case  being 
a  single  one,  alternate  fourths  of  which  are  cut  away  as  in  Figs.  2  and  5. 
The  bolt  and  bushing  being  connected,  if  the  firing-pin  be  drawn  back 
by  the  hammer,  the  main-spring  will  be  compress^  between  the  bush* 
ing  and  the  shoulder  on  the  pin. 

The  extractor,  Fig.  14,  and  the  bolt  are  so  connectefl — a  projection 
on  the  under  side  of  the  former  entering  a  groove  in  the  latter — as  to 
admit  of  the  boll  rotating  beneath  the  extracter  when  the  handle  is 
turned  te  the  locking  position,  while  the  extractor  is  prevented  from 
rotating  with  it  by  the  slot  in  the  receiver  which  it  enters.  The  rear  of 
the  extractor  is  held  down  by  a  cover,  D,  Figs.  1  and  4,  which  springs 
sufficiently  to  allow  the  extractor  to  pass  over  the  hea<l  of  the  cartridge 
when  the  bolt  is  closed.  The  cover  is  let  in  the  rib  B  of  the  body  of 
the  bolt,  and  is  secured  by  a  pin,  about  which  it  can  turn  through  a 
short  arc.  The  cover  is  locked,  as  in  Fig.  1,  by  the  short  arm  of  the 
bent  lever,  Fig.  12,  bearing  on  the  bottom  of  the  slot  in  the  rib,  in  which 
case  its  long  arm  rests  on  the  upper  surface  of  the  cover  as  in  Fig.  1. 
If  the  long  arm  of  the  lever  be  raised  vertically,  the  rear  of  the  cover 
may  be  depressed  in  the  slot,  and,  it«  front  rising,  the  extractor  may  be 
removed. 

When  the  handle  is  turned  up  to  unlock  the  bolt  the  hammer  is 
cammed  to  the  rear  by  the  oblique  surface  of  its  rib  F,  Fig.  3,  bearing  on 
the  rear  of  the  rib  in  the  locking-tube,  thus  withdrawing  the  point  of 
the  firing-pin  within  the  face  of  the  bolt. 

The  hammer  is  provided  with  half  and  full  cock  notehes. 

When  the  piece  is  at  the  half-cock  the  tenon  G  of  the  spring  H,  Fig. 
1,  enters  a  recess,  X,  in  the  side  of  the  bolt;  the  latter  cannot  then 
be  raised,  and  the  piece  is  in  condition  to  be  carried  on  the  march. 
When  the  hammer  is  let  clear  down  the  tenon  is  at  the  forward  part  of 
the  recess,  one  side  of  which  is  inclined  to  the  bottom,  and  over  which 
the  tenon  rides  when  the  bolt  handle  is  raised. 

A  cam  at  the  rear  of  the  side  cut  on  the  receiver  forces  the  bolt  for- 
ward and  the  cartridge  into  the  chamber  as  the  bolt  is  turned  to  its 
locking  position.  Another  cam  at  the  front  of  the  receiver  forces  the 
bolt  back  during  the  unlocking  and  starts  the  empty  shell.  The  shells 
are  thrown  out  that  side  of  the  receiver  which  is  cut  away,  the  extra<jtor 
hook  being  on  the  same  side.    An  ejector.  Fig.  8,  let  through  the  oppo- 

25  ORD 
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site  side  of  the  receiver  to  which  its  rear,  a  flat  spring,  is  riveted,  de- 
flects the  shells  from  the  receiver. 

The  magazine  is  in  the  butt-stock.  A  hole  is  bored  in  the  receiver  at 
its  rear,  below  tlie  breech-bolt,  oblique  to  the  axis  of  the  bore,  Fig.  1 ; 
through  this  hole  the  cartridges  are  fed  from  the  magazine  into  the 
receiver,  when  the  bolt  forces  them  into  the  chamber. 

The  trigger,  Fig.  13,  is  so  curved  as  to  pass  around  the  magazine. 

The  latter  consists  of  a  metallic  tube  and  three  bars,  the  outer  two 
of  which.  Figs.  17  and  19,  as  they  are  assembled  in  the  tube,  are  pro- 
vided with  ratchet  teeth.  The  bar  on  the  right,  as  they  are  assembled 
in  the  tube,  has  a  sliding  motion,  its  object  being  to  carry  forward  the 
cartridge  a  distance  equal  to  the  length  of  a  single  cartridge  at  each 
motion  of  the  bolt. 

The  bar  at  the  left  has  no  longitudinal  motion,  a«  its  function  is  to 
prevent  the  cartridges  moving  to  the  rear  in  the  tube  after  they  have 
been  carried  forward  by  the  other  bar. 

The  middle  bar  has  a  very  short  longitudinal  motion,  and  is  operated 
when  the  gate  in  the  bolt-plate  is  opened  to  fill  the  magazine  by  the 
hook  J  of  the  gate  catching  against  that,  K,  of  the  bar. 

When  the  middle  bar  is  withdrawn  it  causes  the  other  bars  to  descend 
to  a  level  with  it  by  the  inclined  surfaces  L  and  M  passing  over  the  lags 
N,  O,  P,  and  Q,  Figs.  17  and  19.  The  magazine  may  then  be  loaded 
through  the  gate,  the  closing  of  which  moves  the  middle  bar  to  the  front, 
when  springs,  Fig.  20,  on  the  under  side  of  the  tube,  raise  the  ratchet 
bars  to  their  place. 

The  sliding  bar  is  connected  by  the  link  K  with  the  cut-oflf.  Fig.  16, 
which  is  in  turn  pivoted  to  an  arm,  S,  Fig.  14,  of  the  extractor.  If  then 
the  bolt  be  opened,  the  sliding  bar  will  move  to  the  rear,  each  tooth 
passing  behind  the  head  of  the  cartridge  next  in  rear  of  it.  The  closing 
of  the  bolt  carries  each  cartridge  its  own  length  further  to  the  front, 
the  piece  thus  operating  as  a  magazine  gun. 

If  the  front  of  the  cut-off  be  rotated  downward  by  pressing  on  its  i>usb- 
button  T,  Fig.  15,  the  tenon  U  on  the  link  R  rides  out  of  the  recess  V, 
the  sliding  bar  no  longer  operates,  and  the  piece  may  then  be  used  as 
a  single  loader. 

This  gun  carries  six  cartridges  in  the  magazine,  one  under  the  bolt 
and  one  in  the  chamber. 

SYNOPSIS  OF  TESTS. 

Safety  test. 

The  gun  wiis  handled  in  this  test  by  Mr.  R.  T.  Hare,  expert  for  the 
Board,  who  fired  the  10  shots  in  19  seconds. 

Regular  tests, 
I. — Rapidity  with  accuracy. 

Twenty -eight  shot^  were  fired,  leaving  7  cartridges  in  the  magazine, 
and  making  21  hits.  Two  cartridges  failed  to  feed  up  from  the  magazine 
on  the  firvSt  trial. 

As  a  single  shooter. 

« 

Thirty  shots  were  fired,  making  16  hits. 

Tt  was  observed  that  some  care  was  necessary  in  placing  cartridges 
in  the  chamber  in  this  test. 
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II. — Rapidity  at  will. 
Twenty-one  shots  were  fired,  leaving  6  cartridges  in  the  magazine. 

As  a  single  shooter. 
Twenty  shots  were  fired. 

III.— Endurance. 

Five  hundred  rounds  were  fired,  the  gun  working  satisfactorily 
ihronghont. 

At  the  close  of  this  test  one  of  the  front  guard-screws  was  found  to 
be  broken. 

IV. — Defective  cartridges. 

No.  1.  Paper  torn  and  blackened  from  escape  of  gas  through  gas- 
I>ort  and  around  end  of  bolt. 
No.  2.  Besult  about  the  same  as  No.  1. 
No.  3.  Slight  escape  of  gas  through  gas-port. 

V. — Dust. 
The  gun  worked  satisfaetorily. 

VI.— Rust. 

The  gun  was  opened  with  some  diflaculty,  but  after  a  little  manipula- 
tion worked  easily.  In  the  first  few  shots  the  cartridges  were  forced 
forward  into  the  chamber  with  some  diflBculty. 

VII. — Excessive  charges. 

No.  1.  Eighty  grains  powder  and  1  ball.     Gun  worked  well. 
No.  2.  Ninety  grains  powder  and  1  ball.    Gun  worked  well. 
No.  3.  Ninety  grains  powder  and  2  balls.    The  gun  opened  very  hard 
and  worked  stiffly,  the  rust  having  dried  aud  hardened  during  the  firing. 


BocH  Gun,  No.  7. 
Description. 

This  was  the  same  as  the  gun  drawn  and  described  as  No.  3  (Plate  V), 
modified  in  the  following  particulars : 

The  chamber  has  been  enlarged,  the  extractor  strengthened,  and  the 
manner  of  operating  the  magazine  feed  changed  from  direct  operation 
of  the  ratchet  by  the  hand  to  an  indirect  movement  of  the  same  wheel 
by  means  of  a  lever,  which  is  returned  to  place  by  the  action  of  a  coil 
spring. 

SYNOPSIS  OF  TESTS. 

/Safety  test. 

The  gun  was  handled  in  this  test  by  the  inventor,  Mr.  Boch,  who  fired 
the  10  shots  in  34  seconds. 


388         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

■ 

Regular  tests. 
I. — Kapidity  with  accuracy. 

Eighteeu  shots  were  fired,  leaviug  2  in  the  magaziue,  these  having 
failed  to  drop  into  the  receiver  at  the  proper  time,  and  were  carried  past 
the  opening. 

The  magazine  was  taken  off  the  gnu  and  4  cartridges  pat  in  before 
the  expiration  of  the  two  minutes,  1  minute  40  seconds  being  the  actual 
time  of  firing  the  18  shots,  of  which  14  struck  the  target 

Ah  a  ningle  shooter. 

Twenty-eight  shots  werefire4,  making  23  hits.    <  )ne  cartridge  dropped 
^n  the  ground. 

II. — Rapidity  at  will. 

Ten  shotji  were  fired,  the  magazine  working  with  great  unoertainty. 
At  this  point  Mr.  Boch  withdrew  his  gun,  stating  that  he  expected  to 
introduce  another,  with  magazine  upon  a  different  principle. 


Kemikgton-Keene  Magazine  Gun,  No.  8. 

(Plate  VI.) 
description. 

This  gun  differs  from  No.  1  (Plate  I)  in  the  following  particulars: 

The  extractor  A,  Figs.  1  and  5,  Plate  VI,  which  lies  on  the  upper  sar* 
face  of  the  bolt,  is  connected  with  the  latter  in  such  a  manner  as  to 
admit  of  rotation  of  the  bolt  beneath  it,  while  the  extractor  itself  is  pre- 
vented from  rotating  by  the  slot  B,  at  the  front  of  the  receiver,  which 
it  enters  when  the  bolt  is  closed. 

A  tenon  in  the  rear  of  the  extractor  enters  a  recess  in  the  bolt,  and  is 
held  in  position  by  the  cover  C,  Figs.  1  and  12,  let  in  the  upper  snrfiEU^e 
of  the  rib  D,  Figs.  1  and  2. 

The  cover  is  held  in  place  by  the  pin  E,  which  pa^set^  entirely  through 
the  rib. 

To  admit  of  the  extractor  passing  over  the  head  of  the  cartridge  when 
the  bolt  is  closed,  a  spiral  spring,  F,  Fig.  1,  is  placed  underneath  the 
rear  end  of  the  cover  C. 

This  permits  the  rear  of  the  cover  to  descend  when  the  front  of  the 
extractor  is  raised,  and  afterwards  returns  it  to  its  first  position. 

The  ejector  G,  Figs.  1  and  16,  has  been  altered  in  form.  but.  it«  pria- 
ciple  of  operation  remains  the  same. 

This  jrun  carries  8  shots  in  the  magazine  and  1  in  the  chamber. 

SiXOPSIS  OF  TEST>. 

Safety  test. 

The  guu  was  handled  in  this  test  by  Mr.  Whipj^le  ^representing  the 
Remington  Arms  Company),  who  on  tirst  trial  fired  the  W  shots  in  32 
seconds  ;  second  trial,  40  seconds ;  thinl  trial,  40  seconds.  In  the  last 
two  triaN  2  cartridges  failed  to  feeil  up  in  each  case. 
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Regular  UsU. 

I.— KAPIDITY  with   ACCURACY. 

Twenty-three  shots  were  fired,  leaving  1  cartridge  in  the  magazine,  1 
in  the  chamber,  making  21  hits.    Two  cartridges  failed  to  feed  up. 

As  a  single  shooter. 

Thirty  one  shots  were  fired,  making  22  hits. 

II.— Eapidity  at  will. 

Seventeen  shots  were  fired,  leaving  3  cartridges  in  the  magazine. 
Two  failed  to  feei  up. 

As  a  single  shooter. 

Twenty-one  shots  were  fired,  leaving  1  cartridge  in  the  chamber.  One 
cartridge  dropped  down  with  the  carrier.  The  failure  to  feed  up  was 
thought  to  be  due  to  the  bolt  not  being  brought  back  far  enough. 

III. — BnBUR  A  NCE. 

Five  hundred  rounds  were  fired. 

The  390th  cartridge  failed  to  extract  until  the  third  trial.  At  times 
the  cartridges  were  extracted  with  difficulty,  which  seemed  to  be  re- 
lieved somewhat  by  first  cocking  the  piece;  otherwise  the  gun  worked 
well. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  ga.s  through  gas-ports.    Pai)er  torn  and  black- 
ened. 
Ko.  2.  Eesult  about  the  same  as  No.  1. 
No.  3.  Slight  escape  of  gas. 

v.— Dust. 

First  dusting.  Fired  20  rounds;  worked  a  little  gritty. 

Second  dusting.  Opened  with  some  difficulty,  and  worked  stiffly  dur- 
ing the  firing  of  the  second  20  rounds.  The  cut-off  became  clogged  with 
sand  and  prevented  the  working  of  the  bolt,  which  was  finally  opened 
bv  working  the  carrier  and  cutoff  together.  On  dismounting  the  gun 
auer  this  test,  the  ejector  pin  was  found  to  be  broken,  but  was  not  re- 
newed. 

VI.— Bust. 

The  gun  opened  easily  and  worked  all  right,  excepting  a  slight  stiff- 
ness or  clogging  in  the  carrier,  preventing  filling  the  magazine  until  t^e 
carrier  was  for^d  well  up.  On  inspection,  after  firing  the  20  rounds,  it 
was  found  that  the  bolt  could  be  withdrawn  when  supi)osed  to  be  locked, 
and  at  half-cock  on  closing. 

VII. — Excessive  charges. 

No,  1.  Eighty  grains  powder  and  1  ball.  Gun  worked  well. 

No.  2.  Ninety  grains  powder  and  1  ball.  Gun  worked  well. 

No.  3.  Ninety  grains  powder  and  2  balls.  Opened  very  hard,  effected 
by  striking  bolt  handle  with  the  boot-heel. 
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HoTCHKXSS  GrTC,  Xo.  0. 
rPlaie  Til. 

DESCRIPTION. 

This  is  the  same  gun  as  Xo.  5  'Plate  III  of  the  same  name,  modified 
in  the  following  particalars : 

The  extractor,  Fig.  10  (Plate  VII.,  has  been  strengthened,  and  the 
ear  of  the  magasine  shnt-off.  Fig.  7.  and  also  that  of  the  locking  device. 
Fig-  8,  hare  been  beveled  and  rooghened  by  checking. 

.NrA>'r>/.<  or  tk^ts. 

The  gun  was  handled  in  this  test  bv  Mr.  Albee  .representing  the 
Winchester  Anna  Company',  who  fired  the  10  shots  in  15  seeonda. 
Second  trial:  14  seconds. 

I.  — KjLPIDITV    with    Ar*  UKACV. 

Tkiity-two  shots  were  lir^l,  leavin?  1  in  the  magazine,  making  3i 
hits.  The  magaxine  was  onee  cnt  off  by  the  sWve  of  the  operator 
catchinsr  on  the  ear. 

Forty- three  shots  were  nn>ti.  n  akinir  l"*  1.:*-. 

II, — KArirtri  at  vili. 
Xinetetn  su  ns  werv  6r\vi,  It-.iv'r.^  T*  i.t::r;'.^-^^^   :.     .»-  !j..-.\-:;ae. 

Twenty -seven  shots  w*i^  n^rl:  2  curtrid^o  weir  iin>pped  on  the 
ground  by  the  oi^niior. 

III. — EM'*  KAN    F., 

Five  hundred  n^aads  were  lire^i. 

The  ;Vv>;h  cartridjie  c;iU;:hT  ur.tier  :he  Iv  .;  :..  :eed::i-  up.  l»at  being 
put  bdu*k  into  the  mai:^r::H\  feti  np  all  n^ht. 

IV. — DKFKCTrvK  c\KrK:r--r<. 

yo.  1.  Iiber.»I  es^^^v  of  ,c.%s  :"ir.^r.^>.  xvrts. 

^Ok.  ±  AKxii  the  s.*ine  :*>  Nvv  1. 

No.  iv  SMj:h;  e:s>LMi>e  of  c^s  ar>^-.;r..i  h^u-i  -m  :r.'-  Sv*, 

Flrx>i  *•*  rv>.;n^ls:  0:H^r,!\i  e.v>:*y  i  ..i  v  ^rKerl  wv!!. 
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VI.— Rust. 

Slightly  rusted,  and  being:  still  moist,  opened  easily  and  worked  well 
throughout  the  test. 

VJI, — EXCESSIA^E   CHARGES. 

No.  1.  Eighty  grains  powder  and  1  ball.  Gun  worked  well. 
No.  2.  Ninety  grains  powder  and  1  ball.  Gun  worked  well. 
No.  3.  Ninety  grains  powder  and  2  balls.    Gun  worked  well. 


Lee  Magazine  Gun,  No.  10. 
(Plate  VIII.) 

DESCRIPTION. 

This  gun  differs  from  those  of  all  other  systems  before  the  Board  in 
having  a  detachable  magazine  (Figs.  1  and  7). 

The  receiver,  Fig.  1,  has  a  vertical  slot  cut  entirely  through  it  for  the 
purpose  of  receiving  cartridges  from  the  magazine,  which  is  underneath 
it  and  in  front  of  the  guard;  it  is  also  bored  through  longitudinally  for 
the  reception  of  the  breech-bolt,  and  is  cut  away  at  the  side  to  form  a 
shoulder  for  the  handle,  by  means  of  which,  and  a  lug  on  the  opposite 
side,  entering  a  recess  in  the  receiver,  the  bolt  is  locked. 

The  bolt  is  composed  of  two  parts,  the  body.  Fig.  2,  and  the  cocking 
piece  or  hammer.  Fig.  3.  The  firing-pin,  Fig.  4,  is  screwed  into  the 
hammer,  and  is  prevented  from  becoming  unscrewed  by  a  small  pin, 
U,  Fig.  1,  at  right  angles  to  its  axis. 

The  mainspring,  which  incloses  the  firing  pin,  gets  a  bearing  in  front 
against  a  shoulder,  A,  on  the  pin,  and  in  rear  against  the  bushing.  Fig. 
5,  which  is  slipped  on  the  pin  before  it  is  screwed  into  the  hammer. 

The  lug  B  of  the  bushing  enters  the  slot  O  of  the  bolt,  and  on  being 
pressed  into  the  recess  D,  connects  the  bushing  with  the  body  of  the 
bolt.  If  then  the  firing  pin  be  drawn  back  by  the  hammer,  the  main- 
spring will  be  compressed  between  the  bushing  and  the  shoulder  on  the 
pin. 

The  extractor  E,  Figs,  i  and  6,  and  the  bolt  are  so  connected  by  a 
tenon,  F,  Fig.  1,  on  the  former,  entering  a  groove  in  the  latter,  as  to  ad- 
mit of  the  bolt  rotating  beneath  the  extractor  when  the  handle  is  turned 
to  the  locking  position,  while  the  extractor  is  prevented  from  rotating 
with  it  by  the  slot  G  in  the  receiver,  which  it  enters. 

The  rear  of  the  extractor  is  held  down  by  a  cover,  H,  Fig.  1,  which 
springs  sufficiently  to  allow  the  extractor  to  pass  over  the  head  of  the 
cartridge  when  the  bolt  is  closed,  and  afterward  returns  it  to  its  first 
position. 

When  the  handle  is  turned  up  to  unlock  the  bolt  the  hammer  is 
cammed  to  the  rear  by  the  lug  T  on  the  bolt  bearing  against  the  oblique 
surface  K  of  the  hammer,  thus  withdrawing  the  point  of  the  firing- 
pin  within  the  face  of  the  bolt. 

The  hammer  is  provided  with  half  and  full  cock  notches. 

When  the  piece  is  at  the  half-cock  the  stud  L,  Fig.  3,  enters  the  nar- 
row part  of  the  slot  0  in  the  rear  of  the  bolt ;  the  latter  cannot  then 
be  opened,  and  the  piece  is  in  condition  to  be  carried  on  the  march. 
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When  the  hammer  is  let  clear  dowD,  the  stud  lies  in  the  wide  part  oi 
the  slot,  and  the  bolt  may  be  unlocked  by  raising  its  handle. 

A  cam  at  the  rear  of  the  side  cut  in  the  receiver  forces  the  bolt  for- 
ward and  the  cartridge  into  the  chamber  as  the  bolt  is  turned  to  its 
locking  position. 

Another  cam  at  the  front  of  the  receiver  forces  the  bolt  back  daring^ 
the  unlocking  and  starts  the  empty  shell.  The  shells  are  thrown  oat 
at  that  side  of  the  receiver  which  is  cut  away.  The  extractor  being  on 
the  same  side,  the  shells  are  unsupported  against  its  side-pull  the  in- 
stant they  leave  the  chamber. 

A  small  ejector  stud  or  pin,  M,  Fig.  1,  against  which  the  heads  of  the 
shells  strike,  assists  in  deflecting  them  from  the  receiver. 

The  magazine  is  simply  a  she'C^iron  box  of  a  sufficient  capacity  to  hold 
five  cartridges. 

It  contains  a  spring,  surmounted  by  a  plate,  Fig.  8,  which  forces  the 
cartridges  up  through  the  mortise  in  the  receiver,  in  front  of  the  bolt, 
by  which  they  are  carried  into  the  chamber. 

The  magazine  is  held  in  position  by  the  projection  N,  Fig.  7,  entering 
a  recess  prepared  for  it  in  the  receiver,  and  by  the  spring  catch  O,  Figs. 
1  and  9,  which  enters  the  notch  P  on  its  rear. 

When  the  magazine  is  detached,  as  it  must  be  when  the  piece  is  used 
as  a  single  loader,  a  spring  plate,  Q,  Fig.  10,  attached  at  its  rear  to  the  left 
side  of  the  receiver,  projects  through  an  opening  in  the  latter  to  its 
inner  surface,  and  partly  closes  the  mortise  through  which  cartridges 
are  fed  from  the  magazine.  Cartridges  are  thus  prevented  from  falling 
through  to  the  ground  during  the  act  of  loading. 

Three  motions  are  required  to  operate  the  piece  as  a  magazine  gun, 
and  four  as  a  single  loader. 

sryopsis  of  TEi^TS. 

Safety  test. 

The  gun  was  handled  in  this  by  Mr.  Borchardt  (representing  the  Lee 
Arms  Company),  who  fired  the  10  shots  in  21  seconds,  using  one  maga- 
zine only,  and  21  shots  in  33  seconds,  using  four  magazines,  starting  with 
one  in  the  chamber.  • 

Regular  tests. 

I. — Rapidity  with  accuracy. 

Using  one  magazine,  21  shots  were  fired,  leaving  the  magazine  fall 
(6  cartridges),  making  19  hits.  The  operator  once  dropped  the  maga- 
zine on  the  ground. 

As  a  single  shooter. 

Twenty-seven  shots  were  fired,  leaving  1  cartridge  in  the  chamber,  all 
of  which  struck  the  target. 

II.— -Rapidity  at  will. 
Using  one  magazine.  11  shots  were  fired,  leaving  the  magazine  full. 

As  a  single  shooter. 
Twenty-four  shots  were  tired. 
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III. — Endurance. 

Five  hundred  rounds  were  fired,  using  one  magazine.  The  gun 
worked  stiffly  during  the  first  300  rounds,  but  easily  at  the  close  of  the 
test. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  gas,  and  required  a  hard  blow  with  the  hand 
to  extract  the  shell. 
No.  2.  About  the  same  escape  of  gas. 
No.  3.  No  escape  of  gas. 

^  v.— Dust. 

The  fifth  cartridge  failed  to  feed  up  from  the  magazine  until  it  was 
taken  off  and  jarred,  the  magazine-spring  cover  having  caught  near 
the  top.  After  the  second  dusting  the  firing-pin,  with  spring,  &c.,  fell 
out  during  manipulation  for  the  purpose  of  freeing  the  piece  from  dust. 
Oause  unknown.  The  magazine-spring  cover  caught  several  times,  as^ 
before. 

VI.-—RUST. 

Gun  fairly  rusted,  but  still  moist.  Worked  reailily,  but  somewhat 
stiffly,  during  the  firing  of  the  20  rounds. 

VII. — Excessive  cuarges. 

No.  1.  Eighty  grains  powder  and  1  ball.    Gun  worked  well. 
No.  2.  Ninety  grains  powder  and  1  ball.    Gun  worked  well. 
No.  3.  Ninety  grains  powder  and  2  balls.    0|>ened  very  hard.    Head 
of  shell  burst. 


Lee  Gun,  No.  11. 
description. 

This  gun  was  identical  with  the  Lee  gun,  No.  10  (Plate  VIII),  except 
that  it  was  used,  as  the  .inventor  claims  is  the  intention  with  a  num- 
ber of  magazines,  four  only  being  at  hand  in  this  trial. 

SYNOPSIS  OF  TESTS. 

Safety  test 

The  gun  was  handled  in  this  by  Mr.  Borchardt  (representing  the  Lee 
Arms  Company),  who  fired  the  10  shots  in  12^  seconds,  using  two  filled 
magazines. 

Regular  tests. 

I. — Rapidity  with  accuracy. 

The  four  magazines  being  first  filled,  &c.,  36  shots  were  fired,  leaving 
1  cartridge  in  the  magazine,  and  making  24  hits. 

As  a  single  shooter. 

Thirty-five  shots  were  fired,  leaving  1  cartridge  in  the  chamber,  and 
making  31  hits. 
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II.— Rapidity  at  will. 

The  magazines  being  first  filled,  «&c.,  21  shots  were  fired,  leaving  13 
cartridges  in  the  magazines. 

As  a  single  shooier. 

Thirty  one  shots  were  fired. 

III.— Endurance. 

Five  hundre<l  rounds  were  fired,  using  the  four  magazines.     Gun 
worked  well. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  gas  through  ports. 
No.  2.  Besult^  the  same  as  No.  1. 
No.  3.  Very  slight  escape  of  gas. 

V. — Dust. 

First  dusting:  The  17th  cartridge  missed  fire. 
Second  dusting :  The  gun  worked  well. 

VI.— Rust. 

Gun  fairly  rusted,  but  still  moist.    Opened  easily  and  worked  well. 
The  12th  cartridge  in  feeding  up  caught  against  the  top  of  the  cbain- 
ber,  but  being  pushed  down  went  all  right. 

VII. — Excessive  charges. 

No.  1.  Eighty  grains  powder  and  1  ball.    Gun  worked  well. 

No.  2.  Ninety  grains  powder  and  1  ball.     Gun  worked  well. 

No.  3.  Ninety  grains  powder  and  2  balls.    Gun  worked  well. 

The  four  magazines  used  with  this  gun  did  not  appear  to  have  inter- 
changeable springs,  which  caused  some  difficulty  in  filling,  the  springs 
having  been  changed  when  the  magazines  were  cleaned  after  the  endur^ 
ance  test. 


The  Trabue  Magazine  Gun,  No.  12. 

description. 

This  gun,  being  the  same  as  No.  19,  is  shown  in  Plate  X. 

The  receiver,  Fig.  1,  is  bored  through  longitudinally  for  the  breech- 
bolt,  in  line  with  the  barrel,  and  also  below  the  barrel,  in  line  with  the 
magazine,  which  is  in  the  tip-stock.  It  is  also  cut  away  at  theside,  form- 
ing at  rear  a  shoulder  for  locking  the  bolt,  and  at  the  same  time  an  open- 
ing for  inserting  the  cartridges  into  the  chamber  or  magazine,  and  also 
for  ejecting  the  empty  shells. 

The  bolt  is  composed  of  three  principal  parts,  viz:  the  body  or  lock- 
ing tube,  Fig.  8 ;  the  cocking-piece  or  hammer,  Fig.  10,  into  which  the 
firing-pin  is  screwed;  and  the  bolt-head.  Fig.  6,  which  carries  the  ex- 
tractor.   An  arm,  A,  of  the  latter.  Fig.  6,  is  pivoted  in  a  slot  in  the 
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bolt-head  j  a  small  spiral  spring  bearing  oa  the  arm  above  the  pivot 
causes  the  hook  of  the  extractor  to  descend  after  it  has  passed  over  the 
head  of  the  cartridge. 

The  front  part  of  the  firing-pin  passes  through  the  spiral  spring  and 
through  the  extractor  arm. 

On  the  rear  of  the  locking-tube  is  a  small  projection,  B,  which  en- 
ters a  corresponding  notch  in  the  front  face  of  the  hammer.     When  the 
bolt  is  unlocked,  the  projection  B,  riding  out  of  the  notch,  cams  the 
hammer  to  the  rear,  withdrawing  the  point  of  the  firing-pin  within  the 
face  of  the  bolt. 

The  sear  is  shown  in  Fig.  5,  and  its  operation  and  that  of  the  trigger 
in  Fig.  1.    The  latter  is  slotted  to  receive  the  sear,  as  seen  in  Fig.  9. 

The  magazine  is  loaded  through  the  receiver.  Tlie  cartridges  descend 
an  inclined  arm,  C,  on  the  inner  side  of  the  guard,  when  a  finger,  D, 
on  the  under  side  of  the  bolt-head,  forces  them  into  the  magazine.  They 
are  prevented  from  escaping  from  the  latter  by  the  spring-stop,  E,  Fig. 
1,  which  is  pivoted  to  the  left  side  of  the  receiver  and  operated  by  the 
push-button,  F,  Fig.  2.  The  lower  end  of  the  stop  springs  through  an 
opening  in  the  side  of  the  receiver  just  in  front  of  the  mouth  of  the 
magazine. 

When  the  piece  js  to  be  used  as  a  magazine  gun,  the  push-button  of 
the  magazine-stop  is  pushed  to  the  front,  the  first  cartridge  under  the 
pressure  of  the  magazine-spring  backs  up  the  inclined  arm  0  of  tlie 
guard  until  its  head  is  checked  by  the  notch  G,  Fig.  l,in  the  receiver. 

If  the  bolt  then  be  closed,  the  finger  I)  of  its  head  runs  under  the 
cartridge  and  raises  its  front,  when  the  bolt  forces  the  cartridgeinto  the 
chamber. 

When  the  piece  is  to  be  used  as  a  single  loader — which  can  only  be 
done  when  the  magazine  is  empty — the  cartridge-follower,  Fig.  11,  runs 
out  from  the  magazine  and  forms  a  floor,  so  to  speak,  to  the  receiver,  so 
that  the  cartridge,  on  being  inserted  into  the  receiver,  is  in  line  with 
the  barrel. 

The  closing  of  the  bolt  then  forces  it  into  the  chamber. 

This  gun  carries  six  cartridges  in  the  magazine  and  one  in  the  cham- 
ber. 

SYNOPSIS  OF  TESTS. 

Safety  tests. 

Gun  was  handled  in  this  test  by  the  inventor,  Mr.  Trabue,  who  lired 
the  10  shots  in  22  seconds. 

Regular  tmU, 
I. — Rapidity  with  accuracy. 

Eighteen  shots  were  fired,  leaving  7  cartridges  in  the  magazine;  6 
cartridges  came  out  of  the  magazine  and  dropped  on  the  ground  in  the 
firing ;  16  shots  struck  the  target. 

On  second  trial  29  shots  were  fired,  leaving  a  cartridge  in  tlie  cham- 
ber and  making  20  hits.  One  cartridge  was  reversed  in  the  receiver  in 
this  test,  due  to  faulty  manipulation. 

As  a  single  shooter,  29  shot«  were  fired,  making  20  hits,  and  leaving 
1  in  the  chamber. 

II. — Rapidity  at  will. 

Sixteen  shots  were  fired,  leaving  7  cartridges  in  the  magazine. 
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As  a  single  shooter. 

Twenty-two  shots  ^vere  fired. 

111. — Endurance. 

Five  huudrecl  rounds  were  tired ;  1  misfire;  4  failures  to  extract  tlie 
Bhell. 

IV. — Defective  cartridges. 

No.  1.  Large  escape  of  gas  around  the  bolt;  failed  to  extract  shell. 

No.  2.  Same  as  No.  1. 

No.  3.  Escape  of  gas  through  upper  gas  ports.  Head  of  cartridge  very 
much  swollen.    Failed  to  extract. 

The  chamber  of  the  gun  was  evidently  much  enlarged,  and  the  ex- 
tractor entirely  failed  to  bring  out  the  shells.  At  this  point  Mr.  Trabae 
withdrew  his  ffun. 


BocH  Magazine  Gun,  No.  13. 

DESCRIPTION. 

No  drawing  of  this  gun  has  been  matle,  but  it  does  not  differ  essen  * 
tiallv  from  No.  26,  of  which  a  drawing  and  description  are  given  (Plate 
XIl). 

With  the  following  exceptions  Nos,  13  and  26  are  identical : 

The  carrier  of  No.  26,  as  will  be  seen  from  its  drawing  and  description, 
consists  of  two  parts  pivoted  together,  the  upper  part  serving  to  onain* 
tain  the  cartridges  parallel  to  the  axis  of  the  barrel,  whether  the  carrier 
is  in  its  upper  or  its  lower  i>osition. 

The  carrier  of  No.  13  is  in  a  single  piece,  and  when  it  is  raised  to 
transfer  the  cartridge  from  the  mouth  of  the  magazine  to  that  of  the 
chamber  it  assumes  a  position  oblique  to  the  axis  of  the  latter,  and  con- 
sequently the  bolt  pushes  the  cartridge  up  an  incline  when  introdocing 
it  into  the  chamber.  This  is  the  case  also  with  a  number  of  other  gnns 
of  which  carriers  of  this  description  form  a  part. 

The  magazine  cut-off  of  No.  13  also  differs  somewhat  from  that  of  Xo. 
26,  that  of  No.  13  being  operated  by  a  sliding  pnsh-batton  on  the  left 
side  of  the  receiver,  while  that  of  No.  26  is  operated  by  a  slide  on  t^ 
right  side,  as  explained  in  the  description « 

The  spring  whieli  controls  the  admission  of  cartridges  from  the  maga- 
zine in  the  case  of  No.  13  is  single,  while  in  the  ease  of  No.  ^  it  Is 
double,  consisting  of  two  branches  operating  as  described. 

The  magazine  of  No.  13  carries  nine  cartridges. 

As  a  magazine  gun  three  motions  are  necessary  to  operate*  it,  viz, 
opened.  elositKl,  fired.  As  a  single  loader  four  motions;  viz,  opened, 
loaded*  closed,  fired. 

:>ryoP:>IS  OF  TESTS. 

Smfetif  tests. 

Gun  wa^  handled  in  this  tei$t  by  the  inventor,  Mr.  Boch,  who  fired 
the  10  shots  in  1  ntnnte  and  2t>  seconds,  the  gnn  working  with  nncer- 
taintv  an*!  great  ditficalty. 
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Oa  second  trial  Id  shoto  wero  fired  in  36  seconds ;  the  magazine  feed 
worked  with  much  nncertainty,  cartridges  sticking  in  the  carrier  and 
obstmcting  its  operation. 

Regular  tests, 

I. — Rapidity  with  accuracy. 

Fifteen  shots  were  fired,  all  of  which  struck  the  target. 
The  gun  failed  to  work  satisfactorily,  and  was  withdrawn  for  modi- 
fication. 


Russell  Gun,  No.  14. 

description. 

This  was  the  same  gun  slightly  modifie<l  and  afterwards  drawn  and 
described  as  No.  17  (Plate  IX). 

SYNOPSIS  OF  TESTS. 

The  gun  was  presented  by  First  Lieutenant  A.  H.  Russell,  of  the 
United  States  Ordnance  Department,  who  fired  the  safety  tests,  10  shots^ 
in  23  seconds. 

Regular  tests, 

I. — Rapidity  with  accuracy. 

Thirty  one  shots  were  fired,  making  24  hits. 

Same  as  single  shooter. 

Thirty-five  shots  were  fired,  making  24  hits. 

In  this  test  six  shells  fell  back  into  the  receiver,  and  were  taken  out 
by  hand,  the  magazine  cut-off  or  stop  being  on. 

Same:  The  magazine  being  filled  from  the  cartridge  cases,  19  shots 
were  fired,  leaving  the  magazine  full.  Two  cartridges  escaped  from  the 
magazine,  in  filling,  and  fell  on  the  ground,  the  magazine  failing  to 
close  promptly. 

II. — Rapidity  at  will. 

Twenty  one  shots  were  fired. 

Same  as  single  shooter. 

Twenty-three  shots  were  fired. 

Same:  The  magazines  being  filled  from  the  cartridge  cases,  21  shots 
were  fired. 

III.— Endurance. 

Four  hundred  shots  were  fired ;  33  miss-fires;  6  failures  to  eject. 
After  firing  100  shots  the  exhibitor  was  permitted  to  replace  the  ejector 
with  a  new  one. 
In  the  fourth  50  of  shots  the  bolt  twice  pidled  entirely  out  to  rear  in 
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opening,  caused  by  the  sear-spring  failing  to  press  the  sear  into  the 
notch. 

After  400  shots  the  gun  worked  with  great  difficulty,  and  on  inspec- 
tion was  decided  to  have  broken  down,  and  was  withdrawn. 


Booh  Gttn,  No.  15. 

description. 

This  was  the  saiue  gun  as  No.  13,  which,  having  been  slightly  modi- 
fied in  the  form  of  the  carrier,  was  re-entered  as  No.  15. 

SYNOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  the  inventor,  Mr.  Philip 
Boolu  who  fired  the  10  shots  in  22  seconds. 

Regular  tests. 
L — Rapidity  with  accuracy. 
Twenty -eight  shots  fired,  making  25  hits,  leaving  4  in  the  inagaziDe. 

Same  09  a  single  shooter. 
Thirty-four  shots  tired,  making  29  hits. 

11. — Rapidity  at  will. 
Ninetet^n  shot^  weiv  firtnl.  leaving  7  in  the  magazine. 

Slime  (T.v  }f ingle  i<kf>ofer. 
Nineteen  sbot{>  were  tired;  1  mis^fire. 

111. — E>'DURANCK. 

b^ve  hundreii  shot^?  wore  tireil. 

l>nring  the  second  series  of  5t>  shots,  the  extractor  became  noseated. 

Daring  this  test  c;\rtridges  on  being  thrown  np  into  the  receiTer  some- 
times caught  at  the  top  and  had  to  be  pushed  down  with  the  finger  be- 
fore they  would  enter  the  chamber.  As  the  working  of  the  gun  grew 
han!er/this  wi^s  more  freiiueutly  observed.    One  miss-fire. 

IV. — DEFEtTTIONS. 

No.  1.  Large  esc;H>e  of  gas. 
Now  2.  Large  escape  of  gas. 
No.  3.  Shght  escape  of  gas. 

V. — DrsT. 

Finjt  dttstiug,  o|vued  and  worked  with  some  difficulty:  1  fiuhooe  !• 

extract. 

Second  dus:ii<g.  gim  worfceii  hard;  1  cartridge  failed  to  feed  down 

into  the  carrier. 

VI.— KrsT. 

iluu  oivned  wi:a  .trrt'.u  didioalty,  requirin.^  use  of  the  mallet.  The 
irarricr  fiulcil  to  operate,  aad  the  can  wa:?  withdrawc. 
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Marlin  Magazine  Gun,  No.  16. 
description. 

This  guu,  beiug  the  same  in  all  respects  as  No.  28,  is  shown  in  section 
with  breach  opened  and  closed  in  Plate  Xlll. 

The  breech-block  A,  Figs.  1, 2,  and  4  is  operated  by  the  lever,  B,  the 
upper  end  of  which  lies  between  the  front  shoulder,  O,  of  the  block,  and 
an  arm,  D,  of  the  flring-pin.  When  the  lever  is  thrown  to  the  front  its 
upper  extremity  bears  on  the  arm  of  the  pin  and  causes  the  breech- 
block to  move  to  the  rear. 

When  the  lever  is  carried  to  the  rear  the  block  is  closed  and  sup- 
ported against  the  pressure  of  the  gas  by  the  end  of  the  lever  bearing 
against  the  shoulder  C,  as  seen  in  Fig.  1.  The  lever  is  itself  supported 
by  a  strong  pivot,  E. 

The  extractor  is  simply  a  spring-hook,  F,  Figs.  1  and  2,  on  top  of  the 
barrel-block.  On  the  sides  of  the  block  are  two  ribs,  G,  Fig.  4,  which, 
running  in  grooves  on  the  inner  sides  of  the  receiver,  guide  the  block 
when  it  is  opened  and  closed. 

A  cover,  H,  Figs.  1  and  2,  attached  to  the  breech-block  at  its  rear  by 
a  small  screw^  N,  slides  in  grooves  in  the  receiver  in  the  same  manner. 

The  magazine  is  in  the  tip  stock  and  consists  of  the  usual  metallic 
tube,  spiral  spring,  and  cartridge  follower.  The  cartridges  are  loaded 
in  the  magazine  through  a  side  gate  in  the  receiver.  They  are  pre- 
vented from  escaping  by  the  projecting  arm  J,  Fig.  4,  of  the  breech- 
block. When  the  block  is  opened  the  first  cartridge,  under  pressure  of 
the  magazine  spring,  backs  into  the  carrier,  Fig.  5,  the  operation  being 
a  gradual  one,  thus  avoiding  shocks. 

The  carrier  is  rotate<l  about  its  axis,  K,  Figs,  1  and  2,  by  the  upper 
arm  of  the  lever  striking  on  its  curved  surface,  L,  thus  bringing  the 
point  of  the  cartridge  opposite  the  chamber.  Closing  of  the  lever  and 
block  forces  the  cartridge  into  the  chamber  and  also  depresses  the  car- 
rier to  the  bottom  of  the  receiver  in  position  to  receive  another  car- 
tridge when  the  block  is  opened. 

The  piece  is  fired  by  a  center  lock  of  the  usual  form. 

This  gun  carries  9  shots  in  the  magazine  and  1  in  the  chamber. 

SYNOPSIS  OF  TESTS. 

* 

This  gun  was  presented  and  handled  in  the  safety  test  by  Mr.  J.  J. 
Sweeney,  who  fired  the  10  shots  in  7  seconds. 

Regiilar  tests, 

I. — Rapidity  with  accuracy. 

Thirty-two  shots  were  fired,  making  18  hits  and  leaving  2  in  the 
magazine.    One  shot  was  fired  before  bringing  the  piece  to  the  shoulder 

As  a  single  shooter. 

Twenty-seven  shots  were  fired,  making  22  hits. 

II. — Rapidity  at  will. 
Twenty-three  shots  were  fired,  leaving  4  in  the  magazine. 
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As  a  single  shooter. 
Twenty  shots  were  fired. 

Ill, — Endurance. 

Ou  firing  the  4dth  shot  a  cartridge  exploded  m  the  magazine. 

On  examination  it  was  found  that  this  was  the  first  cartridge  pot  in 
at  the  last  filling  of  the  magazine,  and  at  the  time  it  exploded  had  one 
cartridge  behind  it.  The  cartridge  behind  it  was  found  to  be  much 
compressed  and  shortened,  and  somewhat  disturbed  in  shape,  the  ballet 
being  driven  back  nearly  into  the  shell,  but  this  cartridge  had  not  ex- 
ploded. 

The  Board  was  of  the  opinion  that  the  explosion  was  due  to  the  joli- 
ing  encountered  in  feeding  down  through  the  magazine,  and  the  re- 
peated blow  on  the  base  of  the  cartridge  from  the  column  behind  IL 
caused  by  the  recoil  of  the  piece  at  each  shot  and  possibly  combinea 
with  an  oversensitive  cartridge,  due  to  imperfect  manufacture  or  de- 
terioration. 

The  result  of  the  explosion  was  the  compression  and  carrying  away 
of  the  spiral  magazine  spring,  and  also  the  tip  piece  of  the  stock,  to  the 
front,  against  the  target  butt,  in  which  the  bullet  was  found  partially 
imbedded.  The  stock  in  front  of  the  middle  band  was  split;  the  magar 
zine  tube,  of  brass,  slightly  bulged  at  the  point  where  the  explosion  took 
place;  the  shell  was  bursted  and  the  magazine  closer  was  bent  ontwaid 
by  the  escape  of  gas  to  the  rear.    No  injury  resulted  to  the  shooter. 

The  gun  was  withdrawn  for  repairs. 


BussELL  Magazine  Gun,  No.  17. 

(Plate  IX.) 

DESCRIPTION. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed  by 
a  bolt  by  direct  action  and  in  which  the  lock  is  concealed. 

The  stock  consists  of  a  single  piece  grooved  for  the  reception  of  the 
barrel,  to  which  it  is  fastened  by  two  bands  held  in  position  by  springs. 

It  is  also  hollowed  out  for  the  receiver  and  cut  away  at  the  right  tot 
the  magazine,  which  is  secured  by  two  screws,  A  and  B,  Fig.  1,  Plate  LX. 

The  receiver,  Figs.  1  and  2,  is  fastened  to  the  stock  by  the  tang  screw 
0,  Fig.  2,  which  passes  through  the  stock  into  the  trigger-guanl  plate. 
The  screw  D,  Fig.  2,  secures  the  front  end  of  the  guard-plate  to  the  re- 
ceiver. 

The  receiver  is  perfoi*ated  at  the  rear  lor  the  breech-bolt. 

The  latter  consists  of  four  parts,  viz :  The  rear  piece  or  nut,  Fig.  ^ 
into  which  the  firing-pin.  Fig.  8,  is  screwed;  the  cocking-piece,  Fig.  4; 
the  bolt-body  or  locking  tube,  including  the  handle,  Fig.  3 ;  and  the  bolt- 
head.  Fig.  7,  which  carries  the  extractor  B,  secured  by  two  dove-tail 
tenons. 

The  locking-tube  has  on  the  inside  a  shoulder,  F«  Fig.  3,  upon  which 
the  firing-pin  spring  bears,  as  seen  at  G,  Fig.  2.  This  spring  is  first  in- 
troduced into  the  locking-tube,  then  the  firing-pin  is  passed  through  the 
spring,  resting  upon  it  by  the  shoulder,  H,  Fig.  8;  then  through  the 
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cocking  piece,  which  is  preveuted  from  rotating  by  a  small  pin,  I,  Fig.  4, 
set  in  the  side  of  the  cocking-piece  and  forming  a  projection  inside  the 
latter;  the  flattened  surface  of  the  pin  being  in  contact  with  this  pro- 
jection, the  cocking-piece  cannot  turn  independently  of  the  firing-pin, 
nor  can  the  latter  pass  any  farther  through  the  cocking-piece  than  the 
limit  K,  Fig.  8. 

By  compressing  the  spring,  the  nut,  Fig.  5,  is  screwed  to  the  end  of 
the  firing-pin,  thus  holding  the  spring  compressed  between  the  shoulder 
of  the  pin  and  the  inside  shoulder  of  the  bolt-body.  A  small  screw  in 
the  nut  prevents  it  from  becoming  unscrewed  from  the  firing-pin.  The 
head  of  the  firing-pin  is  then  passed  through  the  bolt-head ;  the  latter 
is  joined  to  the  bolt-body  by  turning  the  projections  L,  Fig.  7,  behind 
corresponding  ones  in  the  bolt-body ;  a  small  screw  in  the  bolt-head 
bearing  against  the  flattened  surface  of  the  pin  M,  Fig.  8,  prevents  it 
from  turning  about  the  pin. 

The  piece  is  cocked  by  turning  the  bolt-handle  up  from  the  locked 
position  ;  in  this  act  the  curved  surface  N,  Fig.  3,  of  a  cut  in  the  rear  of 
the  bolt-body  cams  back  the  firing-pin  by  means  of  the  projection  O, 
Fig.  4,  which  fits  into  the  cut ;  when  the  bolt-handle  is  up  the  projec- 
tion O  falls  into  a  notch,  P,  Fig.  3 ;  when  the  handle  is  turned  down, 
the  cut,  N,  Fig.  3,  is  brought  opposite  the  projection  O  Fig.  4,  and  the 
firing-pin,  leleased  from  the  notch  N,  is  then  held  back  by  the  nose  of 
the  sear  which  fits  into  the  notch  T,  Fig.  4.  When  the  trigger  is  pulled 
the  sear  is  withdrawn  and  the  tiring-pin,  impelled  by  its  spring,  is  driven 
forward  and  explodes  the  cartridge.  The  firing-pin  cannot  reach  the 
cartridge  until  the  bolt-handle  is  turned  down,  and  accidental  explosions 
are  thus  avoided. 

The  trigger  Q,  Fig.  2,  works  about  the  pivot  R;  the  sear  spring  is 
seen  at  S,  Fig.  2.  • 

The  bolt  may  be  locked  at  full  cock,  when  the  handle  is  turned  down, 
by  the  piece  ^own  in  Fig.  6.  This  paiises  through  the  upper  part  U 
of  the  cocking-piece.  The  shaft  V,  Fig.  0,  is  cut  away  at  the  end,  as 
seen  at  K',  so  that  when  it  is  in  position  in  the  cocking-piece  it  may  be 
turned  by  means  of  the  thumb-piece  Y,  Fig.  6,  so  that  either  the  con- 
cave surface  of  the  cut  K'  forms  a  continuation  of  the  surface  Z,  Fig  4, 
or  the  convex  surface  of  the  shaft  V,  Fig.  6,  projects  beyond  the  sur- 
face Z.  In  the  former  case  the  locking-shaft  has  no  eliect;  in  the  latter, 
when  the  piece  is  at  full  cock,  and  the  bolt-handle  down,  the  shaft  fits 
into  the  notch  A',  Fig.  3,  and  thus  prevents  the  bolt  from  turning  or 
the  firing-pin  from  driving  forward. 

The  magazine,  Fig.  9,  is  attached,  as  shown  in  Fig.  1,  to  the  side  of 
the  gun.  The  cartridges,  under  the  influence  of  the  magazine-spring 
B'  are  pressed  up  against  the  bolt,  and,  when  the  latter  is  withdrawn, 
u  cartridge  rises  until  the  rim  presses  against  the  piece  C,  as  shown 
in  Fig.  1;  when  the  bolt  is  pushed  in  again,  the  bolt-head  catches  the 
cartridge  and  pushes  it  into  the  chamber. 

The  extractor  E,  Fig.  7,  attached  to  the  upper  side  of  the  bolt  head, 
catches  the  rim  of  the  cartridge  in  the  chamber,  and  when  the  bolt  is 
withdrawn  the  empty  shell  is  extracted,  and  the  rim  falling  into  the 
notch  D',  Fig.  2,  is  thrown  out  upwards. 

The  magazine  cut-off,  two  positions  of  which  are  shown  at  E',  Fig.  2, 
operates  by  raising  in  the  bottom  of  the  receiver  a  bolt-stop,  which  pre- 
vents the  bolt  when  withdrawn  from  going  back  far  enough  to  allow 
the  cartridge  to  rise,  and  the  bolt  may  be  locked  without  introducing  a 
cartridge  from  the  magazine.  When  the  lever  E',  Fig.  2,  is  in  its  for- 
ward position,  the  bolt-stop  is  flush  with  the  lower  surface  of  the  re- 
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(^iv«*r)  but  when  the  Uner  irt  in  ita  rear  i>OHitioD  the  »top  is  raised,  and 
(mtrliitig  tliA  lH)lt  hy  a  projection  ou  its  under  surface  stops  the  bolt  and 
thiiniWy  uIno  th(*  eMciipe  of  cartridges  from  the  magazine. 

Thi*  niHga/iiit^  in  tilhul  with  cartridges  by  means  of  a  small  metaU  box, 
Into  whirh  tlio  cartritlges  are  first  placed,  and  then,  by  adjusting  the 
iiMMith  of  the  Im»x  to  that  of  the  magazine,  the  cartridges  may  be  pnshed 
down  Into  the  niaga/ine  by  a  single  motion. 

Thipi  f{un  ourrieH  tive  cartridges  in  the  magazine  and  one  in  the 
ehiiinlH^r. 

SYXOPSIS  OF  TEi^TS. 


*l^l 


rhlM  wuM  the  iHuuie  gun  as  No.  14,  with  some  slight  moditieati6Da. 
The  gun  was  handled  in  the  Hafety  test  by  the  inventor,  who  tire<l  the 
to  Nhotn  in  *J<i  Heeonds. 

Regular  tenU, 

1— Hai»ii>it\  with  Acn  racy. 
Thuty  Hhot.H  wore  \\v\h\  in  2  minutes,  making  2t)  iiits;  1  mistire. 

A*  ii  KiHtfle  xhhttrr. 

rxNouty  mue  >iiots  \W'iv  tinnl,  making  2<>  hits,  leaving  1  in  the  cham 
Un\  \  mij<t^i>\  i  ♦iulunv'<  to  ejeet,  the  shells  falling  l^iek  into  the  re- 
\v\\er  n^xeisiMl 

SfiMf*  K**k  »*t»^*^fc*Hf  l/W  from  i-rt*^*. 

Vh.it>  sho'>  \\  nv  JinsU  njukun:  :^^  hits,  lt';nini:  rh«*  nii»sj*zine  fall; 
Vv«v  **\  M>-*'>  *e;v  nrtsl;  I  nuvr*rtv 


*       "^.-v  >»,■-•  *,* 


REPORT  OF  THE  CHIEF  OP  ORDNANCE.         403 

VI.— KrST. 

Gun  opeued  and  worked  with  difficulty,  requiring  the  use  of  the 
luallet. 

After  opening,  the  cap  to  the  magazine  would  not,  at  first,  spring 
'lack  to  its  place;  5  iniss-tires. 

VII. — Excessive  charges. 

No.  1.  Opened  by  use  of  mallet. 
No.  2.  Opened  by  use  of  mallet. 
No.  3.  Opened  by  use  of  mallet. 

Extractor  broken  and  head  of  shell  blown  nearly  oflf,  and  shell  taken 
out  by  use  of  bullet  and  rammer. 


BocH  Gun,  No.  18. 

DESCRIPTION. 

This  was  the  same  guu  as  No.  15,  slightly  modified. 

::^YXOPSIS  OF  TESTS. 

The  safety  test  was  complied  with  by  Mr.  Boch,  who  fired  the  10  shots 
:n  25  seconds. 

Regukir  teHta. 

1. — Rapidity  with  accuracy. 

First  trial.  The  guu  failed  to  work,  through  some  mistake  in  adjust- 
ment or  manipulation  on  the  part  of  the  expert. 

Second  trial.  Twenty-seven  shots  were  fired,  making  21  hits  and  leav- 
ing 1  in  the  magazine. 

Six  cartridges  required  to  be  i)re8sed  down  in  the  receiver  by  the 
Inger  before  they  would  enter  the  chamber. 

Third  trial.  Twenty-nine  shots  were  tired,  leaving  7  in  the  magazine. 

The  same  difficulty  observed  as  before. 

The  Board  here  informed  Mr.  Boch  that  th«  gun  in  its  present  form, 
in  their  opinion,  was  not  suitable  for  military  purposes,  and  conse- 
quently declined  further  examination  of  it. 


Trabue  Magazine  Gun,  No.  19. 

(Plate  X.) 

description. 

This  gun  was  the  sauie  previously  drawn  and  described  as  No.  12,  in 
vhioh  some  of  the  Joints  were  tightened  to  prevent  too  great  an  escape 
of  gas.    A  new  receiver  was  also  substituted. 

SYXffPSIS  OF  TESTS. 

This  guu  was  of  the  same  pattern  as  No.  12,  somewhat  modified  in 
t;he  details  of  construction. 

The  safety  test  was  complied  with  by  Mr.  Melcher,  expert  for  Mr. 
Trabue,  who  tired  the  ten  shots  in  22i  seconds. 
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Regular  tests. 

1. — Rapidity  with  accuracy. 

Thirty  shots  were  fired  in  two  miDUtes,  making  19  hits. 
The  shells  fired  in  this  t^st,  nsing  the  magazine,  all  show  distorMon 
by  flattening  on  one  side  at  the  mnzzie. 

Same  as  single  shooter. 

Forty  shots  were  fired,  making  17  hits;  shells  not  distorted  in  this 
test  (as  a  single  shooter). 

II. — Rapidity  at  will. 

Twenty-one  shots  were  fired  in  one  minute,  one  thrown  out  by  false 
motion  of  the  operator. 

Same  as  single  shooter. 

Twenty-nine  shots  were  fired. 

1 1 1. — Endurance. 

Five  hundred  shots  were  fired;  1  miss-fire.    Gun  worked  well. 
It  was  observed  that  the  shell  from  the  last  shot  of  each  magazine 
full  came  out  without  being  flattened  at  the  muzzle. 

IV. — Depectiate  cartridges. 

No.  1.  Some  escape  of  gas  through  the  ports. 
No.  2.  Some  escape  of  gas  through  the  ports. 
No.  3.  No  escape.    Shells  extracted  easily. 

V. — Dust. 
Gun  worked  well. 

VI.— Rust. 

Gun  fairly  rusted ;  opened  and  worked  well  through  the  test. 

VII.— Excessive  charges. 

No.  1.  Extracted,  but  did  not  eject,  the  extractor  not  fully  graapinf 
the  rim  of  the  cartridge. 

No.  2.  Same  as  No.  1. 

No.  3.  The  gun  required  use  of  the  mallet  to  open  when  it  did  not 
extract  the  shell. 

On  examination  it  was  found  that  a  piece  of  the  flange  or  rim  of  the 
shell  had  pulled  or  blown  out  and  lodged  under  the  extractor  in  sacb 
a  manner  as  to  temporarily  prevent  its  proper  action. 

On  being  removed,  the  extractor  was  found  uninjured  and  worked 
properly. 

On  taking  the  gun  apart  at  the  close  of  these  tests  it  was  found  that 
the  plunger-cap  in  the  magazine  had  become  unsoldered  and  was  loose 
in  the  magazine. 

The  gun  worked  without  it. 


J 


REPORT-  OF  THE  CHIEF  OF  ORDNANCE.         405 

BocH  Gun,  No.  20. 

DESCRIPTION. 

This  was  the  same  gnu  as  No.  18^  slightly  modified. 

5  YXOPSIS  OF  TESTS. 

The  safety  test  was  complied  with  by  the  inventor,  who  fired  the  10 
shots  in  13^  seconds. 

Regular  tests. 

I. — Rapidity  with  accuracy. 

Twenty-eight  shot«  were  fired,  making  26  hits. 

As  a  single  shooter. 

Feeding  single  cartridges  into  the  magazine.  Thirty  shots  were  fired, 
leaving  1  in  the  gun,  making  23  hits. 

11. — ^Rapidity  at  will. 

Twenty-three  shotfe  were  fired,  leaving  4  in  the  magazine. 

As  a  single  shooter. 

Twenty-three  shots  were  fired. 

Feeding  into  the  side  opening,  when  the  magazine  was  full,  the  mag- 
azine stop  or  shnt-ofi'  failed  to  prevent  the  cartridges  in  the  magazine 
from  feeding  down.  Inserting  the  cartridges  at  the  top,  however,  an 
operation  requiring  an  extra  motion,  the  cartridges  remained  in  the 
magazine  all  right. 

III. — Endurance. 

Five  hundred  shots  were  fired. 

During  the  fifth  series  of  50  shots,  4  cartridges  failed  to  pass  into  the 
chamber,  requiring  their  position  to  be  corrected  by  the  finger  of  the 
operator;  1  failure  to  extract,  requiring  the  use  of  the  rammer  to  drive 
out  the  shell. 

In  the  seventh  series  one  failure  to  eject  the  shell  being  driven  back 
into  the  chamber,  required  the  use  of  the  rammer  to  drive  it  out. 

Eighth  series,  1  cartridge  failed  to  pass  into  the  chamber  until  its 
position  was  corrected.  This  trouble  was  observed  to  a  greater  or  less 
extent  at  times  during  the  firing  of  the  whole  500  shots. 

IV. — Defective  CABTRioaEs. 

No.  1.  Large  escape  of  gas  around  the  bolt-head  to  the  rear. 

No.  2.  About  the  same  as  No.  1. 

No.  3.  Slight  escape  of  gas  through  the  ports.    Failed  to  extract  shell. 

v.— Dust. 

After  first  shot  the  gun  opened  and  shell  came  out  with  great  diflicultyi 
dust  having  penetrated  the  chamber. 
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The  same  difficulty  iu  the  adjustment  of  the  cartridges,  sometimes  re- 
quiriug  to  be  pushed  down  before  they  would  enter  the  chamber,  ob- 
served throughout  this  test  as  in  the  preceding. 

VI.— Rust. 

Gun  opened  easily ,  being  moist,  due  to  wet  weather,  and  worked  a  little 
stiffly.  The  magazine  spring  seemed  hardly  strong  enough  to  bring 
down  the  cartridges  with  certainty,  but  otherwise  worked  very  well. 

VII. — Excessive  charges. 

No.  1.  Eighty-live  grains  powder  and  one  bullet.  Head  bursted,  but 
guji  opened  and  extracted  all  right. 

No.  2.  Ninety  grains  powder  and  one  bullet.  Opened  and  extracted 
all  right. 

No.  3.  Ninety  grains  powder  and  two  bullets. 

Gun  opened  hard  and  failed  to  extract,  the  e  ttractor  cutting  throngfc 
the  metal  of  the  shell. 


The  Trabue  Magazine  Gun,  No.  21. 

description. 

This  gun  is  essentially  the  same  as  No.  12,*  alreaxly  described. 

It  diflfers  from  it  only  in  the  dimensions  of  its  part«  and  in  the  addi- 
tion of  a  set-screw  for  locking  the  bolt  on  the  march.  A  projecting  mass 
of  metal  on  the  right  side  of  the  receiver  was  bored  and  tapped  for  a 
left-handed  screw.  The  screw  instead  of  being  slotted  ha«  a  raised  head, 
with  a  flat  finger-piece  by  which  it  may  be  operated.  The  point  of  the 
screw  enters  a  recess  in  the  bolt,  when  the  screw  is  turned  in,  and  thus 
prevents  the  bolt  unlocking.  The  set  or  locking  screw  is  prevented  from 
unscrewing  by  the  head  of  a  small  screw  which  overlaps  the  head  of  the 
former. 

SYSOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety"  te^t  by  Mr.  Hare,  who  flred  tlie 
ten  shots  in  31  seconds. 

Regular  tests, 

I. — Rapidity  with  accuracy. 

Thirty  shots  were  fired,  making  19  hits,  and  leaving  3  in  the  magt»- 
zine. 
Three  cartridges  were  thrown  out  in  filling  the  magazine. 

Same  as  single  shoots. 

Forty -three  shotB  were  fired,  making  8  hits. 

II.— Rapidity  at  will. 
Eighteen  shots  were  fire<l  in  one  minute,  leaving  5  in  the  magazine^ 

Same  a^  single  shooter. 

Thirty  shots  were  fired. 

('Ste  Plate  X.  ^" 
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III. — Endurajjce. 

Five  hundred  shot**  were  tireil. 

Three  hundred  and  tifty  shots  were  fli-eti,  the  gun  working  all  right, 
except  for  a  noticeable  tendency  on  the  part  of  the  bolt  to  revolve  back- 
ward, the  handle  starting  up  at  each  shot.  As  this  seemed  to  increase 
as  the  test  continued,  the  gun  was  withdrawn  for  slight  modification, 
after  which  the  test  was  continued,  firing  the  remaining  150  shots  in 
this  test  all  right;  the  gun  opening  a  little  harder  than  before. 

IV. — Defective  cabtbidoeb. 

No.  1.  Liberal  escape  of  gas  through  the  port,  and  from  around  the 
bolt. 
No.  2.  About  the  same  as  No  1. 
No.  3.  Slight  escape  from  gas  port. 

V. — Dust. 

The  gnu  opened  and  worked  through  the  test  all  right. 

VI.— Rust. 

Gun  but  little  rusted,  the  weather  being  very  damp.  The  gun  found 
wet ;  opened  a  little  hard,  too  hard  to  be  opened  by  the  hand  after  a  few 
shots.    One  misfire. 

VII. — Excessive  charges. 

Eighty-five  grains  powder  and  one  bullet — 405  grains  lead.  Gun 
opened  hard,  the  head  of  the  shell  having  bursted,  but  extracted  the 
shell  all  right. 

Ninety  grains  powder  and  two  bullets;  gun  opene<l  hard  and  failed  to 
extract  the  shell;  the  hea<l  was  blown  off,  and  on  opening  dropped  into 
the  magazine. 

Wheii  the  gun  was  taken  apart,  a  screw  in  the  extractor  was  found  to 
be  bent,  and  a  small  fragment  of  the  shell  cut  off  by  the  extractor  was 
found  under  it. 


Dean  Mauazixe  Gun,  No.  22. 
(Plate  XI.) 

DESCBIPTION. 

This  gun  is  shown  in  section  and  largely  in  detail  in  Plate  XI. 

The  breech-block,  A,  Figs.  1  and  7,  is  operated  by  the  lever,  B, 
through  the  intervention  of  the  links  C  and  D,  the  latter  of  which  causes 
the  recoil-block,  B,  to  descend  while  the  former  forces  the  breech-block 
to  the  rear,  when  the  lever  is  thrown  to  the  front,  as  in  Fig.  7. 

The  lock.  Fig.  4,  is  of  the  usual  outside  pattern  and  needs  no  extended 
description. 

Two  magazines  are  provided — one  in  the  butt  and  one  in  the  tip-sto<;k, 
either  of  which  may  be  used  by  locking  off,  by  means  of  a  cut-off,  the 
other. 


408         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

The  carrier,  which  is  open  at  both  ends  to  receive  cartridges  from  either 
magazine,  has  a  vertical  motion  at  right  angles  to  the  axis  of  the  piece. 
It  is  operated  by  the  lever  in  the  same  general  manner  as  the  Win- 
chester repeater,  so  well  known  in  this  country. 

This  gun  carries  ten  cartridges  in  the  tip  stock  magazine,  six  in  the 
butt-stock,  and  one  in  the  chamber. 

SYNOPSIS  OF  TESTS. 

This  gun  was  handled  throughout  by  the  inventor,  who  tired  the  ten 
shots  in  the  safety  test  from  the  front  magaziue  in  8  seconds. 

The  same  test  using  the  rear  magazine  8ui)plemented  by  the  front,  the 
ten  shots  were  fired  in  16  seconds. 

Regular  tests. 

f. — Rapidity  with  accuracy. 

Thirty -four  shots  were  tired,  making  9  hits,  using  both  magazines. 

As  a  Kingle  shooter. 

Twenty-nine  shots  were  tired,  making  14  hits. 

II. — Rapidity  at  will. 

After  emptying  the  butt  magazine,  the  front  magazine  could  not  be 
opened  or  turned  on.  It  was  found  on  inspection  that  the  tip  stock 
had  been  displaced  and  driven  forward  by  the  recoil  of  the  piece  from 
the  previous  shots  to  such  an  extent  as  to  bind  and  prevent  the  work- 
ing of  the  cut-off. 

The  Board  decided  that  the  inventor  might  correct  this  defect  of  con- 
struction, when  the  test  would  be  continued.  The  inveutxir,  however, 
preferred  to  withdraw  the  gun  to  make  other  modifications,  and  begin 
the  tests  again. 


Dean  Gun,  No.  23. 
description. 
Same  a«  No.  22  (Plate  XI),  slightly  modified. 

SYNOPSIS  OF  TESTS. 

The  gun  was  handled  by  the  inventor,  who  fired  the  ten  shots  in  the 
safetv  test  in  8  seconds. 

Regnl/ir  tenls, 

I. — Rapidity  with  AoruRACY. 

Thirty-four  shots  were  fired,  making  10  hit«. 

As  a  single  shooter. 
Twenty  six  shots  were  fired,  making  17  hit^. 
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II, — Rapidity  at  will. 
Twenty  shots  were  fired,  leaving  14  in  the  magazine. 

Same  as  siiigle  shooter. 

At  the  fourteenth  shot  the  gun  broke  down. 

On  inspection  it  was  evident  that  the  break  was  due  at  least  in  part 
to  faulty  construction. 

It  was  observed,  however,  that  the  gun  seemed  to  work  hard  through 
all  the  tests,  it  being  necessary  to  take  it  from  the  shoulder  and  rest  the 
butt  in  the  groin  of  the  operator  to  work  the  lever. 


Spencer- Lee,  No.  24. 

DESCRIPTION. 

This  is  a  similar  gun  to  that  afterwards  drawn  and  described  as  No. 
35  (Plate  XVII),  the  differ«Miee  being  that  in  this  gun,  besides  being 
lighter  in  some  of  its  parts,  the  device  for  locking  the  hammer  until  the 
breech-block  is  closed,  shown  in  Fig.  16  and  at  Z,  Fig.  3,  of  No.  36,  was 
not  in  this  gun. 

SYXOPSfS  OF  TEST.S. 

This  gun  was  presented  by  Mr.  J.  W.  Frazier,  of  New  York,  and  was 
handled  in  the  safety  test  by  one  of  the  inventors  (Mr.  Spencer),  who 
fired  the  ten  shotH  in  11  seconds. 

Regular  tei(U, 
r. — Rapidity  weth  accuracy. 

Thirty-four  shots  were  fired,  making  twenty-seven  hits,  three  cart- 
ridges being  passed  through  the  gun  and  thrown  out  without  firing — the 
operator  neglecting  tx)  pull  the  trigger. 

Second  trial,  by  one  familiar  with  the  arm,  (>4  shots  were  tired,  mak- 
ing 56  hits  and  leaving  one  in  the  chamber. 

Hame  as  single  shooter. 

Several  trials  were  had  before  the  piece  could  be  tired  beyond  the 
first  shot,  on  account  of  a  difficulty  in  opening  the  gun.  It  was  finally 
discovered  that  the  trouble  was  due  to  a  want  of  friction  in  the  bear- 
ing of  a  spring,  the  office  of  which  was  to  retain  the  trip  in  place  after 
closing,  the  effect  of  which  was  to  let  the  shell  be  driven  back  in  firing, 
so  as  to  protrude  and  take  up  the  s])ace  necessary  for  the  free  opening 
of  the  breech.  This  was  readily  adjusted,  and  the  trial  resnlte>(l  in  34 
shots,  making  32  hits.    The  gun  worked  very  well. 

II. — Bapidity  at  will. 

Twenty  shots  were  fired,  5  cartridges  being  pumped  through  the  gun, 
the  operator  neglecting  to  pull  the  trigger. 
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On  a  second  trial,  at  the  request  of  the  operator,  27  shots  were  fired; 
one  missed  fire,  and  one  failed  to  feed  uj)  from  the  magazine. 

iSatne  a^  a  ninyle  nhooter. 

Twenty-seven  shot-s  were  fired,  2  cartridges  l>eing  thrown  out  with- 
out firing  as  before. 

111.— Endurance. 

Five  hundred  shots  were  fired,  during  which  the  gun  work^  all  right, 
but  the  cartridge  frequently  failed  to  feed  up  from  the  magazioefi. 
This  difficulty  was  observed  with  some  of  the  njagazines  more  than 
others,  and  was  not  fullv  accounted  for. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  gas  above  and  below. 
No.  2.  Liberal  escape  of  gas  above  and  below. 
No.  3.  Very  slight  escaiMj. 

v.— Dust. 

This  test  seemed  to  have  little  or  no  eftect  on  the  working  of  the  gun, 
doubtless  in  part  due  to  its  entire  freedom  from  oil. 

VI.— Rust. 

The  weather  having  been  alternately  wet,  windy,  and  dry,  the  gun 
was  very  badly  rusted  in  all  of  it«  bearings,  and,  as  a  consequence, 
worked  very  hanl  through  the  test.    Three  misfires. 

VII. — Excessive  charges. 

Eighty-five  grains  powder— 1  bullet  worked  about  as  before. 

Ninety  grains  powder— 1  bullet. 

Ninety  grains  powder — 2  bullets. 

Head  of  shell  blown  off  and  gun  opened  very  hard,  requiring  the  u^ 
of  the  mallet. 

The  gun  having  passeil  through  the  preliminary  tests,  was  here  with- 
drawn for  modification. 


Dean  Git^,  No.  25. 

description. 

This  was  the  same  gun  as  Nos.  22  (Plate  XI)  and  23,  slightly  modified 
and  repaired. 

SYNOPSIS  OF  TESTS. 

It  was  handled  in  the  safety  test  by  the  inventor,  in  firing  which,  at 
the  sixth  shot,  the  receiver  bursted,  breaking  the  gun  in  two — the  but^ 
falling  upon  the  ground,  the  barrel  being  retained  in  the  left-hand  of 
the  operator.     Withdrawn. 
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BocH  Magazine  Gun,  No.  26. 
(Plate  XII.) 

DESCRIPTION. 

This  gun  belongs  to  that  system  in  which  a  fixed  chamber  is  closed 
by  a  bolt  by  direct  action,  and  in  which  the  lock  is  concealed. 

The  stock  is  in  two  parts,  the  butt  and  the  tip ;  these  are  joined  together 
and  to  the  barrel  by  a  band  which  passes  around  the  ends  of  the  two 
parts,  at  their  junction  and  the  barrel.  Another  band  fastens  the  front 
end  of  the  tip-stock  to  the  barrel. 

In  the  right  side  of  the  butt-stock  is  a  longitudinal  opening  coincident 
with  a  similar  one  in  the  receiver.  Through  this  hole  cartridges  may 
be  introduced  on  the  carrier  to  be  described  later.  The  butt-stock  is 
grooved  to  tit  the  barrel  and  cut  through  for  the  receiver  which  is  fast- 
ened to  the  stock  by  means  of  a  tang  screw,  A,  Figs.  1  and  2,  passing 
through  the  stock  into  the  trigger-guard  plate.  The  butt  stock  is  also 
perforated  by  a  hole  continuous  with  one  in  the  tip-stock,  through  which 
the  magazine  tube  B,  Figs.  1  and  2,  passes,  the  latter  being  fastened  to 
the  receiver  by  a  screw-thread. 

The  trigger-guard,  to  which  the  trigger  is  permanently  attached  by  a 
rivet,  B,  Figs.  1  and  2,  is  secured  to  the  butt-stock  by  means  of  a  screw, 
C,  and  to  the  receiver  by  a  screw,  D. 

The  receiver  is  perforated  at  its  rear  by  a  hole  for  the  reception  of  the 
breech-bolt.  The  latter  consists  of  three  parts,  viz:  the  rear  pin,  Fig. 
7,  through  which  the  firing-pin.  Fig.  3,  passes,  the  projection  F  of  the 
pin  fitting  into  the  cut  G,  Fig.  7 ;  the  locking-tube,  including  the  handle, 
Fig.  6,  and  the  bolt-head  or  body  through  which  the  firing-pin  passes, 
and  which  supi>ort8  the  cartridge  at  the  instant  of  tire. 

The  firing-pin  having  been  introduced  into  the  rear  piece,  Fig.  7,  is 
then  passed  through  the  firing-pin  spring ;  the  movable  shoulder  H,  Fig^ 
3,  is  then,  by  sufticiently  compressing  the  spring,  introduced  over  the 
bead  of  the  firing- pin,  and,  by  giving  it  a  quarter  turn,  is  retained  on 
the  pin  bearing  against  the  projections  I,  Fig.  3,  the  spring  then  being 
held  compressed  between  the  end  J,  Fig.  7,  of  the  rear  piece  and  the 
movable  shoulder  H. 

The  tiring-pin  and  spring  an;  then  passed  through  the  locking  tube, 
Fig.  6,  and  then  through  the  bolt-head  or  body.  Fig.  5,  which  is  then 
screwed  to  the  rear  piece. 

The  locking-tube  has  two  projections,  K,  Fig.  6,  which,  when  the 
handle  of  the  bolt  is  turned  down  in  the  receiver,  fit  into  two  recesses, 
L,  Figs.  1  and  2,  in  the  latter,  and  the  bolt  is  thereby  held  in  position. 
When  the  handle  of  the  bolt  is  turned  up  from  the  locked  position,  the 
curved  surfjice  of  the  cut  U,  Fig.  6,  cams  back  the  firing- pin  by  means 
of  the  projection  F,  Fig.  3  (which  fits  into  the  cut),  and  the  latter  then 
rests  in  the  notch  N,  Fig.  6,  and  the  piec^e  is  cocked. 

When  the  handle  is  turned  down,  the  cut  IT,  Fig.  6,  is  brought  op- 
posite the  projection  F,  Fig.  3,  which,  released  from  the  notch  N,  Fig. 
6,  is  held  by  the  nose  of  the  sear,  as  in  Fig.  1,  O ;  hence,  the  firing-pin 
cannot  reach  the  cartridge  until  the  bolt  handle  is  turned  down,  and 
^cidental  explosions  are  avoided. 

The  bolt-hea<l,  Fig.  5,  carries  the  extractor.  Fig.  4,  wbich  is  fastened 
to  it  by  the  tenons  V  and  Q,  which  fit  into  the  recesses  R  and  S  of  the 
bolt-head.  The  latter  is  ])revented  from  rotating  in  the  receiver  by  a 
small  projection  in  the  latter  which  fits  into  a  groove  in  the  bolt-head. 
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The  carrier,  Fig.  8,  receives  tbe  cartridges  from  tbe  magazine^  and  by 
an  upward  movemeut  elevates  them  to  a  positioo  from  which  tbe  bolt 
can  push  them  into  the  chamber. 

The  carrier  is  in  two  part^ ;  tbe  upper  one,  Fig.  8,  being  joined  to  the 
lower  by  tbe  pivot  V,  Fig.  8. 

The  projection  M,  of  the  upper  part  of  the  carrier,  fits  into  a  groove 
in  the  bolt-bead,  as  seen  in  Figs.  1  and  2,  M.  When  the  bolt  is  drawn 
back  the/ront  end  of  the  groove  strikes  the  iirojection  M,  Fig.  2,  and 
the  earner  working  about  the  pivot  T,  Figs.  1  and  i*,  is  raised  to  its 
position  in  Fig  2. 

The  upper  part  of  the  carrier  working  about  the  pivot  V  is  raised  at 
its  rear  end  by  sliding  up  the  metallic  piece  or  dog  W,  Figs.  1  and  2. 
This  piece  W  is  attached  by  a  pivot  pin  to  the  side  of  the  receiver  at  X ; 
its  lower  end  rests  on  the  lower  part  of  the  carrier,  and  when  the  latter 
is  raised  the  upper  part  at  its  rear  slides  up  the  piece  W,  both  turning 
about  their  pivots  V  and  X,  and  the  level  position  of  the  upper  part  is 
maintained. 

The  carrier  in  its  lower  position  is  supported  by  the  piece  N',  Fig.  1, 
which  may,  if  desired,  be  so  turned  on  its  pivot  Z  a«s  to  allow  tbe  car- 
rier to  descend  through  the  oi>ening  in  the  receiver,  and  the  bolt  may 
then  be  drawn  entirely  out  of  the  piece. 

A  spring,  A',  Figs.  1  and  2  attached  to  the  outside  of  the  receiver  by 
the  same  screw  that  forms  the  pivot  T,  Figs.  1  and  2,  acts  as  the  car- 
tridge detent,  by  means  of  which  the  admission  of  cartridges  from  the 
magazine  is  controlled.  This  spring  consists  of  two  branches,  B',  Fjgs. 
1  and  2,  each  having  two  projections  fitting  into  holes  in  the  receiver. 

The  carrier,  Fig.  1,  in  its  lower  jjosition,  presses  out  the  spring  pro- 
jection K',  the  cartridge  then  resting  against  the  projection  I';  on  raising 
the  carrier  the  latter  presses  out  the  projection  I',  and  the  cartridge, 
impelled  by  the  magazine  spring,  now  bears  against  L',  which  has  been 
allowed  to  enter  by  raising  tho  carrier;  when  the  bolt  is  shoved  in  and 
the  carrier  consequently  lowered,  the  latter  allows  tbe  stop  I'  to  enter 
beyond  the  rim  of  the  first  cartridge,  and  when  the  carrier  reaches  its 
lower  position  the  detent  K'  is  pushed  out  and  the  first  cartridge  slips 
past  to  the  carrier,  which,  on  being  elevated,  brings  it  to  the  position 
from  which  the  bolt  pushes  it  into  the  chamber. 

The  magazine  cut  off  consists  of  a  spring  secured  to  the  right  side 
of  the  receiver  by  a  screw.  The  free  end  of  the  spring  has  a  small 
projection  which  enters  a  corresponding  hole  in  the  receiver  in  front  of 
the  mouth  of  the  magazine.  A  slide,  provided  with  a  notch,  which  by 
moving  the  slide  can  slip  under  the  spring  and  draw  the  projection  out 
of  the  hole,  operates  the  cut-off.  AVlien  the  slide  is  pushed  forward, 
the  mouth  of  the  magazine  is  open;  when  it  is  drawn  back,  the  projec- 
tion enters  the  hole  and  cartridges  are  prevented  from  leaving  the 
magazine. 

The  sear  E',  is  notched  at  F'  for  the  nose  of  the  trigger.  Tlie  seiir- 
spring  is  attached  to  the  under  side  of  the  tang  bv  the  screw  M',  Figs. 
1  and  2.  • 

The  trigger,  when  pulled,  releases  the  projection  F,  of  the  firing-pin, 
Fig.  1,  and  the  cartridge  is  exploded. 

The  extractor,  Fig.  4,  hooks  on  to  the  rim  of  the  cartridge  when  the 
bolt  is  closed,  and  when  it  is  withdrawn  throws  out  the  empty  shell 
by  deflecting  it  from  the  axis  of  the  chamber. 

This  gun  carries  nine  cartridges  in  the  magazine  and  one  in  the 
chamber. 
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As  a  magazine  gnu,  three  motions  are  necessary  to  operate  it,  viz, 
opened,  closed,  fired ;  as  a  single  loader,  four  motions,  viz,  opened, 
loaded,  closed,  fired. 

SYNOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  the  inventor,  who  fired 
ten  shots  in  12^  seconds. 

Regular  tests . 

I. — Rapidity  with  accuracy. 

Thirty-one  shots  were  fired,  making  25  hits,  and  leaving  6  in  the 
magazine. 

Same  as  a  single  shooter, 

• 

.  Thirty-three  shots  were  fired,  makiug  18  hits. 

II. — Kapidity  at  will. 
Twenty-one  shots  were  fired,  leaving  6  in  the  magazine. 

Same  as  a  single  shooter. 

Twenty-one  shots  were  fired,  leaving  1  in  the  chamber. 

III. — Endurance. 

The  gun  being  put  in  the  rest,  it  was  found  to  be  defective  in  itH 
feeding  apparatus,  the  cartridges  in  the  magazine  and  on  the  carrier 
so  interfering  with  each  other  as  to  frequently  require  the  gun  to  be 
taken  out  and  turned  over  and  jarred  before  it  could  be  opened. 

After  firing  50  shots  the  inventor  was  permitted  to  take  the  gun  to 
correct  this  difficulty,  after  which  the  test  was  continued.  The  gun 
worked  fairly,  cartridges  sometimes  failing  to  feed  down  into  the  carrier 
promptly,  seeming  to  bind  in  the  tube;  7  misfires. 

IV. — Defections. 


No.  1.  Liberal  escape  of  gas. 
No.  2.  Liberal  escape  of  gas. 


No.  3.  Slight  escape  of  gas. 

v.— Dust. 
Gun  worked  fairly;  a  little  hard.    Two  misfires. 

VI.— Rust. 

Gun  well  rusted;  worked  hard,  but  effectively,  except  that  nearly 
every  cartridge  required  two  blows  of  the  firing-pin  to  set  it  off. 

VII. — EXCESSIYE  CHARGES. 

ijiighty-five  grains  powder  and  1  bullet.    Worked  all  right. 
Ninety  grains  powder  and  1  bullet.    Worked  all  right. 
Ninety  grains  powder  and  2  bullets.    Worked  all  right. 
Opened  hard,  but  still  effective ;  extracted  the  shell  all  right. 
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Remtngton-Keene  Gun,  No.  27. 

description. 

This  is  the  gnu  which  was  afterwards  slightly  mcxlitieil,  re-eDtered, 
tested,  drawn,  and  described  as  No.  30  (Plate  XIV). 

.^yyofsis  OF  tests. 

The  gun  was  presented  by  Mr.  Whipple  (representing  the  Metjsrs.  B. 
Ren^Lington  &  Sons),  who  fired  it  in  the  safety  test,  ten  shots  in  29  sec- 
onds.   Two  misfires. 

Regular  tents. 

I.— Rapidity  with  accuracy. 

Twenty -seven  shots  were  fired,  leaving  2  in  the  magazine,  and  mak- 
ing 17  hits. 

Same  as  single  shooter. 

Thirty-two  shots  were  fired,  making  24  hits. 
The  gun  worked  very  hard,  opening  and  extracting  the  shell 
great  difficulty,  and  was  withdrawn  for  modification. 


Marlin  Gun,  No.  28. 
(Plate  XIII.) 

DESCRIPTION. 

This  was  the  same  gun  described  and  tested  as  No.  16,  it  having  been 
withdrawn  for  repairs. 

SYXOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  Mr.  J.  J.  Sweeney  frepre- 
senting  the  Marlin  Fire-Arms  Company,  of  New  Haven,  Conn.),  who 
fired  the  ten  shots  in  8  seconds. 

Regular  tests. 
I. — Rapidity  with  aooitracy. 
Thirty-six  shots  were  fired,  leaving  8  in  the  magazine,  making  25  hits. 

Same  as  a  single  shooter. 

Thirty-six  shots  were  fired,  making  21  hits. 

At  the  thirty-fourth  shot  the  stock-tip  broke  off,  caused  by  jarring 
forward  of  the  forestock  and  magazine,  the  stud  securing  it  to  the 
barrel  in  front  becoming  unsoldered.  And  at  this  point  the  tests  were 
suspended  for  repairs. 
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II.— Rapidity  at  will. 
Twenty -five  shots  were  tired. 

iSame  as  a  single  shooter. 

Twenty-three  shots  were  fired,  the  gun  working  well. 

III.— Endurance. 

Five  hundred  shots  were  tired,  ^uu  working  well  through  the  best. 

IV. — Defective  cartridges. 

No.  1.  Very  slight  escai>e  of  gavS  above  and  below. 

No.  2.  Same  as  No.  1. 

No.  3.  No  escape  perceptible. 

v.— DrsT. 

Dust  seemed  to  have  little  or  no  effect  on  the  gun,  which  worked  am 
easily  at  the  close  as  before  being  subjected  to  the  foregoing  tests. 

VI.— KiST. 

Gun  very  thoroughly  rusted,  and  opened  with  some  difficulty. 

VII. — Excessive  charges. 

Bighty-tive  grains  powder  and  1  bullet.  Failed  to  extract  the  shell, 
which  was  driven  out  from  the  muzzle. 

Ninety  grains  powder  and  1  bullet.    Opened  hard. 

Ninety  grains  powder  and  2  bullets.  Opened  with  great  difficulty ; 
dually  effected  after  long  continued  eftbrt,  and  with  use  of  leaden  mal- 
let, when  it  was  found  the  head  was  off  the  shell. 

>  vrrr.  km  est  a  n  y  tes  th. 

I. — Defkctivi:  cartridges. 

No.  1.  Large  escape  of  gas,  blowing  open  the  magazine  feed-gate. 
No.  2.  About  the  same  escaj^e  of  gas. 

Firnt  dusting, 
G«n  worked  all  right. 

Second  dusting. 
Failed  to  extract  twice,  and  failed  to  eject  twi<!t^. 

II. — Excessive  charges. 

First.  Head  of  shell  blown  off  and  piece  of  shell  lodg<Mi  under  the 
extractor ;  opened  hard. 
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Second^  third,  fourth^  atid  fifth.  Heads  of  shells  blown  off,  and  opened 
about  tbe  same. 

Cartridges  iu  tbe  magaziue  found  to  be  discolored  and  the  bullets  ol 
those  nearest  tbe  receiver  flattened  and  bruised  at  the  points. 

III. 

The  usual  motions  for  working  a  lever  gun.  Sometimes  working  a 
little  hard  with  the  folded-head  cartridges. 

IV. 

It  being  impracticable  to  work  this  gnu  to  advantage  in  the. fixed 
rest,  the  test,  A,  was  omitted. 

Frankford  ammunition, 

B. — One  hundred  shots  (magazine  partly  filled,  &c.). 

Cartridges  nearest  the  chamber  showed  some  discoloration  from  es- 
cape of  gas ;  bullets  somewhat  flattened  at  the  points,  while  all  were 
heated  and  lubricants  melted. 

C. — One  hundred  shots  (magazine  entirely  filled,  &c.). 

Same  effects  produced  as  in  B,  but  more  marked ;  one  failure  to  ex- 
tract shell. 

U,  M,  (7.  ammunition. 

B. — One  hundred  shots  fired.    Same  remarks. 
Three  misfires  and  one  failure  to  extract  the  shell. 
C. — One  hundred  shots  fired.    Same  remarks. 
Two  misfires  and  one  failure  to  extract  the  shell. 

Winchester  ammunition. 

B. — One  hundred  shots  fired.    About  the  same  as  before. 
Two  misfires  and  one  failure  to  extract  the  shell. 
C. — One  hundred  shots  fired.    Same  remarks. 
Two  misfires. 

Lowell  ammunition. 

B. — One  hundred  shots  fired.    Same  as  before. 

C. — Fifty-two  shots  fired. 

First  50  shots,  six  failures  to  extract  shell.  Extractor-screw  found 
to  have  worked  loose,  and  was  screwed  uj). 

Second  50.  At  the  second  shot,  after  renewing  the  cartridges  in 
the  magazine,  the  third  cartridge  from  the  chamber  exploded  in  the 
magazine.  Doubtless  due  to  the  effects  of  the  recoil  on  an  over-sensi- 
tive cartridge. 


Remington-Keenk  Gun,  No.  29. 

descbiption. 

This  is  the  same  gun  as  No.  27,  and  afterwards  drawn  and  described 
as  No.  30  (Plate  XIV). 
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SYNOPSIS  OF  TESTS. 

The  gan  was  handled  in  the  safety  test  by  Mr.  Whipple,  who  fired  the 
ten  shots  in  seventeen  seconds. 

Regular  tests. 

RAPIDITY  WITH  ACCURACY. 

Twenty-nine  shots  were  fired,  leaving  6  in  the  magazine,  making  19 
hits — 1  misfire. 

Same  as  single  shooter. 

Thirty-four  shots  were  fired,  making  21  hits. 

Gun  opened  and  worked  hard  towards  the  close  of  the  test,  requiring 
several  blows  with  the  hand.  On  inspection  the  carrier-latch  magazine- 
stop  was  found  to  be  broken,  and  the  tfests  were  suspended  for  repairs. 

The  gun  was  afterwards  withdrawn  for  modification. 


Remington- Keene  Magazine  Gun,  No.  30. 

(Plate  XIV.) 
description. 

This  gun  differs  from  No.  8  in  the  following  particulars: 

The  form  of  the  carrier  and  ejector  has  be^n  changed ;  the  carrier 
catch  and  spring  and  the  magazine  cut-off'  have  been  omitted  and  a 
sliding  cartridge-stop.  A,  Fig.  2,  added. 

The  principle  of  operation  of  the  ejector  and  carrier  hasi  not  been 
changed. 

To  the  latter  a  stop-spring,  B,  Fig.  1,  has  been  added  which  serves 
to  prevent  the  escape  of  cartridges  from  the  magazine,  when  the  carrier 
is  raised,  by  projecting  partly  across  its  mouth.  # 

When  the  bolt  is  closed  tlie  carrier  descends,  the  stop-spring  passes 
below  the  mouth  of  the  magazine,  and  the  first  cartridge  enters  the 
carrier  until  checked  by  the  sliding-stop,  A,  as  in  Fig.  2. 

When  the  bolt  is  drawn  back  the  sliding-stop  is  carried  with  it  and 
the  cartridge  completely  enters  the  carrier. 

The  object  of  the  sliding-stop  is  to  diminish  the  blow  of  the  first 
cartridge  against  the  carrier  when  forced  its  full  length  by  the  pressure 
of  the  magazine  spring. 

SYNOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  Mr.  Whipple,  who  fired 
Ihe  10  shots  in  24  seconds.  * 

Regular  tests, 
I. — Rapidity  vtith  accuracy. 

Thirty-six  shots  were  fired,  making  29  hits. 

27   OED 
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As  a  single  shooter. 
Forty-one  shots  were  fired,  making  8  hits. 

II. — Eapidity  at  will. 
Twenty-two  shots  were  fired. 

As  a  single  shooter. 

Twenty-seven  shots  were  fired — one  shot  lost  by  false  motion  of  the 
operator. 

III. — Endurance. 

Gnn  worked  well  and  without  hitch  of  any  kind  through  this  test. 

IV. — Defective  cartridges. 

No.  1.  Large  escape  of  gas  through  gas-port,  and  to  the  rear,  over 
bolt  and  below. 

No.  2.  About  the  same  as  above. 
No.  3.  Very  slight  escape  of  gas. 

V. — Dust. 

Gun  opened  easily  and  worked  Well. 

VI.— Rust. 

Gun  thoroughly  rusted.    Opened  and  worked  without  diflScnlty. 

VII. — Excessive  charges. 

Eighty- five  grains  powder  and  1  bullet.  Gun  opened  and-  sheU  ex- 
tracted all  right* 

Ninety  grains  powder  and  2  bullets.  Gun  opened  with  difficulty^ 
when  it  was  found  that  ,the  head  of  the  shell  had  been  blown  off  and 
the  extractor  broken. 

By  consent  of  the  Board  the  extractor  was  replaced  by  a  new  one 
and  the  position  of  the  gas-i^ort  changed  from  the  top  of  the  receiver 
to  one  side. 

SVPPLEMESTABY  TESTS. 

I. — Defective  cartridges. 
Gun  worketl  well. 

II. — Excessive  charges. 

First.  Hea^i  of  shell  bursts  opened  hard,  bat  extracted  all  liglit. 
Stock  split  under  the  receiver,  due  to  resistance  to  the  recoil  \n  the  rest 

Sect>H4L  Head  of  shell  blown  off;  failed  to  extract. 

TkirtL  Oeail  of  shell  burst,  but  extra<'ted  all  right.  Large  escape 
of  gas,  blackening  the  cartridge  underneath  on  the  carnage. 


J 
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Fourth.  Head  of  shell  burst,  guu  opened  with  difficulty,  but  extracted 
all  right;  large  escape  of  gas. 

Fifth,  Head  of  shell  blown  off;  opened  with  much  difficulty.  Car- 
tridges in  the  magazine  found  to  be  much  blackened  by  the  escape  of 
gas,  and  the  bullets  bruised  at  the  points. 

On  examination  the  gun  was  found  to  be  much  fouled  and  the  receiver 
sprung. 

III. — Frankford  ammunition. 

A. — Seventeen  shots  were  tired,  the  last  shot  being  solid  head. 

Heads  of  shells  much  swollen ;  gun  opened  with  great  difficulty,  and 
failed  to  extract  last  shell. 

The  receiver  was  sprung,  and  the  bearing  of  the  bolt,  when  closed, 
found  to  be  so  much  battered  as  to  disable  the  gun,  and  the  tests  were 
discontinued. 


Spencer-Lee  Gun,  No.  31. 

description. 

This  was  the  same  gun  afterwards  drawn  and  described  as  No.  36 
(Plate  XVII),  having  been  withdrawn  for  repairs  and  slight  modification. 

SYNOPSfS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  Mr.  Spencer,  who  fired 
the  ten  shots,  using  two  magazines,  in  18  seconds. 
Seventh  shot  the  gun  failed  to  eject  the  shell,  causing  some  delay. 
Second  trial,  ten  shots  were  fired  in  9J  seconds. 

Regular  tests. 

The  gun  was  handled  in  these  tests  by  Mr.  Spencer,  one  of  the  in- 
ventors. 

I. — Rapidity  with  accuracy. 

Using  a  number  of  magazines,  63  shots  were  fired,  making  61  hits. 

As  a  single  shooter. 

Thirty-seven  shots  were  fired,  making  26  hits. 

II. — Rapidity  at*  will. 

Forty  shots  were  fired. 

As  a  single  shooter. 

Twenty  shots  were  fired. 

In  this  test  several  failures  to  eject  were  observed,  and  it  was  thought 
due  to  want  of  power  in  a  certain  spring;  in  the  eftbrt  to  correct  which 
the  spring  was  broken  and  the  trial  was  suspended  for  repairs. 


420         KEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 

May  18,  1882. 

The  toHts  were  reHumed  from  the  first  regular  test,  the  gun  beiog 
handled  b.y  Mr.  Hare,  expert  for  the  Boanl. 

I. — ^Rapidity  with  accubacy. 

After  24  shots  and  two  cartridges  being  passed  through  the  receiver 
without  firing,  due  to  faulty  manipulation  on  the  part  of  the  oi>erator, 
and  some  delay  being  caused  by  a  failure  to  drive  the  magazine  home 
In  inserting,  a  second  trial  was  decided  upon. 

Second  trial. — Four  cartridges  failed  to  feed  up  properly  from  the 
magazine,  and  were  jammed  vertically  in  the  receiver,  causing  delay. 

Third  trial. — Firing-pin  broke  in  this  trial,  and  the  gun  was  with- 
drawn for  repairs  and  modification. 


Dean  Gun,  No.  32. 
description. 
This  was  a  similar  gun  to  Nos.  22  (Plate  XI;,  23,  and  25,  slightly  mod- 

IflOil. 

SYSOPSIS  OF  TESTS. 

The  gun  was  handleil  in  the  safety  test  by  the  inventor,  who  Ared  ' 
the  10  shots  in  13  seconds. 

A  slight  hitch  was  observed  in  working,  caused  by  imperfect  ejection 
of  the  empty  shell. 

Regular  tests. 

I. — Rapidity  with  accuracy.  v 

Fit^i  trial. — Faileil  through  faulty  manipulation  on  the  part  of  the 
oiH^nitor  after  tiring  10  shots. 

^\>Hd  h^aL — tiuu  workeil  very  hard,  and  after  firing  six  shots  the 
ftrout  mag^uiue  o|HMietl  and  the  working  of  the  gun  was  stopped  by  the 
met^ting  of  two  cartridges  on  the  carrier. 

Third  trial. — Seventeen  shots  were  tireil  ^magazines  emptied),  mak- 
ing tea  hits,  and  eleven  cartridge;^  replaced  in  the  time  ^owed  (two 
miuute^V 

As  a  Wny^e  shooter. 

Twenty  three  shots  were  tinnU  making  :*1  hits. 

Ouu  wvnked  very  hard  in  these  tests,  injuring  the  hmod  of  the 
atv^r,  failing  to  ejtvt  the  euu»ty  shell  four  times,  ami  reqairiii^  the 
ale  to  Ih*  resteil  on  the  table  in  order  to  operate  the  lever. 

IL — Rapuhty  at  will. 

Magiu:ue<>  eruprietl    17  suoti>  i*aii  live  cartrid^res  replaweii  in  the  ti 
Suiiie  remarket  as  to  rbe  wv>rk:n^  of  the  gun  as  belMe. 
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As  a  single  shooter. 

Ten  shots  were  fired,  gun  working  very  hard  as  before. 

The  inventor  was  here  informed  that  in  the  opinion  of  the  Board  the 
gnu  worked  too  hard,  and  reqnired  too  much  time  and  manipulation  for 
refilling  the  magazine  for  military  purposes,  dnd  it  was  accordingly 
^withdrawn  for  the  purpose  of  correcting  these  defects. 


Chaffee  Reeoe  Magazine  Gun,  No.  33. 

(Plate  XV.) 
desceiption. 

This  gun  does  not  differ  in  principle  from  No.  6,  already  described. 
The  cut-off  to  the  magazine,  however,  has  been  materially  altered  as 
may  be  seen  in  detail,  in  Figs.  3,  25,  26,  27,  29,  and  30. 

The  bar,  Fig.  26,  is  screwed  to  the  side  of  the  receiver,  which  is  cut 
away  as  in  Figs.  3  and  25,  forming  between  it  and  the  receiver  a  slot 
in  which  that  arm  of  the  extractor  which  is  connected  with  the  maga- 
zine system  slides.  The  upi)eredgeof  the  bar  has  a  lip.  A,  which  turns 
over  the  stock  on  that  side. 

On  the  inner  side  of  the  bar  are  two  grooves,  B  and  C,  in  the  former 
of  which  a  tenon,  D,  of  the  cut-off  slide.  Fig.  30,  has  a  reciprocating 
motion  when  the  piece  is  used  as  a  single  loader,  and  in  the  latter  when 
used  as  a  magazine  gun. 

If  this  tenon  be  pressed  forward,  as  it  will  be  when  the  bolt  is  closed, 
until  it  enters  the  recess  F,  of  the  cutoff.  Fig.  29,  it  may  be  transferred 
from  one  groove  to  the  other  by  rotating  the  cut-off  about  its  pivot,  G. 

The  arm  H,  Fig.  9,  of  the  extractor  enters  the  groove  E,  of  the  slide, 
Fig.  30;  consequently,  motion  of  the  bolt  produces  a  corresponding 
motion  of  the  slide.  A  tenon,  I,  on  the  link  connected  with  the  sliding 
m.agazine  bar.  Fig.  20,  enters  the  recess  K,  Fig.  9,  of  the  arm  of  the  ex- 
tractor; when  the  cut  off  slide  is  at  its  lowest  point,  the  side  of  its 
groove  crosses  the  recess  in  the  extractor-arm.  The  tenon  ot  the  link 
cannot  then  escape  from  the  recess,  and  consequently  must  move  when 
the  bolt  is  moved,  thus  operating  the  sliding  bar  of  the  magazine. 

If  the  tenon  of  the  slide  l)e  transferred  to  the  groove  B,  Fig.  26,  the 
tenon  of  the  link  will  no  longer  be  held  in  the  recess  m  the  extractor- 
arm;  the  latter  will  move  away  from  the  tenon,  and  the  piece  can  then 
only  be  operated  as  a  single  loailer. 

Slight  changes  have  been  made  in  the  form  of  the  ratchet-bars  of  the 
magazine,  in  the  notches  for  the  heads  of  the  cartridges,  in  the  springs. 
Figs.  18  and  19,  which,  hold  the  bars  in  position,  and  in  the  general 
finish  of  the  piece. 

SYNOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  Mr.  Chaffee,  who  fired  the 
10  shots  in  17  seconds. 

Regular  tests, 

I. — Rapidity  with  accuracy. 

First  trial, — Failed  on  account  of  cartridge  being  first  placed  in  the 
chamber  before  the  magazine  was  filled. 
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Second  trial. — ^TLirty-eight  shots  were  fired,  making  25  hits  and  leaving 
1  in  the  magazine. 

Same  as  a  single  shooter. 

Forty-one  shots  were  fired,  making  15  hits. 

II. — Rapidity  at  will. 

Twenty-three  shots  were  fired,  leaving  7  in  the  magazine  (full). 

As  a  single  shooter. 

Twenty-six  shots  were  fired. 

III.— Endurance. 

Oun  worked  well  throughoat  this  test,  and  was  in  good  order  at  the 
close. ' 

IV. — Defective  cartridges. 

No.  1.  Very  liberal  escape  of  gas  from  port,  on  top  and  from  under 
the  bolt  along  the  side. 

No.  2.  Liberal  escape  of  gas  through  the  ports  and  over  the  top  of 
the  bolt-head. 

No.  3.  Slight  escape  of  gas. 

v.— Dust.  » 

But  little  affected  in  its  working  in  this  test. 

VI.— llUST. 

* 
Gun  thoroughly  rusted.    Opened  with  great  diflSculty  and  worked 
very  hard  throughout — ^this  test  requiring  constant  use  of  the  mallet. 

VII. — Excessive  charges. 

Eighty-five  grains  powder  and  1  bullet.  Extracted  the  shell;  gun 
working  about  as  before. 

Ninety  grains  powder  and  1  bullet.  Extracted  the  shell;  gun  work- 
ing about  as  before. 

Ninety  grains  powder  and  2  bullets.  Extracted  the  shell ;  gun  work- 
ing about  the  same. 

On  taking  the  gun  apart  after  the  foregoing  tests  it  waa  found  to  be 
in  working  order. 

SUPPLEMENTARY  TESTS. 
I. — DEFECTIVE   CARTRIDGES. 

Gun  worked  well. 

II. — EXCESSIVE   CHARGES. 

Some  difficulty  encountered  in  loading  the  magazine,  partly  due  to 
dust  iu  the  tube  from  the  last  test. 
Bullets  of  the  second  and  third  cartridges  in  the  magazine  slightly 
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flattened  at  the  points,  evidently  from  contact  with  the  bases  of  car- 
tridges in  front  dne  to  the  excessive  recoil  and  looseness  of  the  parts. 
Gun  opened  and  extracted  all  right! 

in. 

The  usual  motions  required  for  working  a  bolt-gun  with  the  handle 
in  the  middle. 

IV. 

Lowell  ammunition. 

A. — One  hundred  shots  fired. 

Some  of  the  bullets  of  the  cartridges  in  the  magazine  slightly  bruised 
and  flattened,  the  second  from  the  receiver  always  to  the  greatest  ex- 
tent. 

Winchester  ammunition. 

A. — One  hundred  shots  fired.  Same  remark ;  the  second  bullet  from 
the  receiver  showing  greatest  amount  of  flattening. 

U.  M.  C.  ammunition. 

A. — One  hundred  shots  fired.    Same  remarks. 

Frankford  ammunition. 

A. — One  hundred  shots  fired,  70-500;  70-405  in  the  magazine.  Same 
remarks. 

Lowell  ammunition. 

C. — One  hundred  shots  fired. 

Winchester  ammunition. 

O. — One  hundred  shots  fired. 

Bullet  of  last  cartridge  in  magazine  slightly  bruised.    (No.  7.) 

U.  M.  C.  amntunition. 

O. — One  hundred  shots  fired.    Same  remarks. 

Frankford  ammunition. 

C. — One  hundred  shots  fired,  70-500;  70-405  in  the  magazine.  Same 
remarks. 


HoTCHKiss  Magazine  Gun,  No.  34. 

(Plate  XVI.) 

DESCRIPTION. 

This  gun,  while  retaining  the  general  features  of  the  Hotchkiss  sys- 
tem, differs  in  so  mauy  of  its  details  from  Nos.  4,  5,  and  9,  as  to  require 
special  mention. 
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The  stock  is  made  in  two  parts,  the  tip  and  the  batt;  the  ma^aziDe 
being  in  the  latter. 

The  receiver  on  its  exterior  is  of  the  form  usually  adopted  for  jointed- 
stocked  guns. 

A  little  in  advance  of  the  middle  of  the  receiver  is  a  shoulder  which 
has  been  recessed  for  a  tenon  on  the  rear  end  of  the  tip-stock  for  the 
purpose  of  preventing  spreading  of  the  latter  at  that  point. 

The  movement  of  the  tip-stock  to  the  front  is  prevented  by  a  log,  A^ 
Figs.  1  and  2,  Plate  XVI,  which  enters  a  corresponding  recess  in  the 
stock.  This  lug  is  held  securely  by  the  front  guard-screw  which  passes 
through  its  rear.  The  butt-stock  is  held  rigid  with  the  receiver  by  the 
tang  and  guard  screws,  and  also  by  a  combination  of  the  guards  and 
magazine-tube  as  explained  later  on. 

The  tang  is  solid  with  the  receiver,  and  the  guard  is  practically  made 
so  by  being  screwed  to  the  receiver  both  in  front  and  rear. 

The  rear  of  the  receiver  is  concave,  and  the  front  end  of  the  butt- 
stock  is  of  a  corresponding  convexity.  This,  in  connection  with  the 
tang  and  guard  which  extend  considerably  to  the  rear  of  the  receiver, 
secures  the  stock  against  any  vertical  movement. 

The  tang-screw  enters  a  washer  or  nut,  B,  Fig.  1",  let  in  the  stock 
above  the  magazine-tube,  through  an  opening  underneath  the  ^aard. 

At  the  ftx)nt  end  of  the  magazine-tube,  Fig.  15,  is  a  projection,  L, 
which,  entering  a  slot  on  the  interior  of  the  receiver,  prevents  rotation 
of  the  tube.  A  shoulder,  C,  Figs.  1  and  2,  on  the  inner  surface  of  the 
guard,  bears  against  the  rear  of  this  projection  and  prevents  the  tube 
from  being  withdrawn. 

On  the  rear  end  of  the  tube  is  a  screw-thread  for  the  nut  D,  which 
bears  against  a  shoulder  centerbored  in  the  stock.  When  the  nut  is 
screwed  clear  on,  the  stock  is  drawn  tightly  against  the  rear  of  the  re- 
ceiver. The  outer  surface  of  the  nut  is  slotted  for  the  blade  of  a  screw- 
driver. 

The  breech-bolt  is  composed  of  three  parts,  viz,  the  body,  or  locking 
tube,  Fig.  5,  of  which  the  handle  forms  a  part ;  the  bolt-head.  Fig.  6 ; 
and  the  cocking  piece  or  hammer,  Fig.  4,  to  which  the  tiring-pin  is 
secured  by  a  screw  thread.  A  small  screw  at  right  angles  to  the  axis 
of  the  firing-pin  prevents  its  becoming  unscrewed.  The  body  of  the 
bolt  is  hollowed  out  for  the  tiring- pin  and  spring;  the  latter  bears  on  a 
shoulder  near  the  rear  end  of  the  body. 

The  bolt-head,  which  supports  the  cartridge,  at  the  instant  of  fire  car- 
ries the  extractor.  Fig.  7,  which  is  attached  to  its  side  by  means  of  a 
dovetail  tenon.  On  the  bolt-head  is  a  projection,  B',  which,  turning  in 
a  groove,  C,  in  the  botly  of  the  bolt,  serves  to  hold  the  two  parts  to- 
gether. The  cocking-piece  is  held  in  contact  with  the  body  of  the  bolt 
by  the  tension  of  the  firing-pin  spring.  The  firing-pin.  Fig.  8,  is  flat- 
tened near  its  fix)nt  ends.  The  bolt-head  is  prevented  from  turning  about 
the  pin,  when  the  bolt  is  withdrawn,  by  the  tenon  on  the  extractor  which 
extends  into  the  firing-pin  hole  nearly  to  the  flattened  surface  of  the  pin. 
A  projection,  D,  Figs.  1  and  6,  on  the  bolt-head  enters  a  corresponding 
recess,  N,  Fig.  1,  in  the  receiver  when  the  bolt  is  locked ;  consequently 
the  bolt-head  cannot  turn  when  the  body  of  the  bolt  is  rotated  about  its 
axis  as  in  the  act  of  locking  the  piece. 

The  cocking-piece  is  shown  in  Fig.  4.  A  projection,  E,  fits  in  a  recess, 
F,  on  the  rear  of  the  body  of  the  bolt.  The  form  of  this  projection,  and 
of  its  corresponding  recess,  is  such  that  when  the  bolt  is  unlocked  the 
cocking-piece  is  cammed  back  beyond  the  nose  of  the  sear,  or  upper  ex- 
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tremity  of  the  trigger,  withdrawing  the  point  of  the  firing-pin  within 
the  face  of  the  bolt-head. 

When  the  bolt  is  locked,  which  is  done  by  turning  down  its  handle 
in  the  cut  in  the  receiver,  the  firing-pin  spring  is  compressed.  By  press- 
ing on  the  trigger  the  sear  is  drawn  from  the  cocking-piece,  and  the  fir- 
ing-pin, driven  forward  by  its  spring,  explodes  the  cartridge. 

The  receiver,  shown  in  Figs.  1  and  2,  is  cut  through  at  the  rear  for 
the  reception  of  the  bolt;  it  is  also  cut  away  at  the  side  for  the  recep- 
tion of  the  handle  when  the  bolt  is  locked. 

The  form  of  the  side  cut  in  the  receiver  at  its  rear  is  such  that  the 
breech-bolt  is  cammed  forward  as  it  is  turned  to  the  locking  position^ 
forcing  the  cartridge  into  the  chamber.  As  the  firing  pin  cannot  reach 
the  cartridge  until  the  bolt  is  locked,  accidental  explosions  are  avoided. 

The  shape  of  the  cut  at  ixont  is  such  as  to  cam  back  the  bolt  during 
the  unlocking,  starting  the  empty  shell.  The  shells  are  thrown  out  that 
side  of  the  receiver  which  is  cut  away. 

The  extractor  being  on  the  same  side,  the  shells  are  unsupported 
against  its  side-pull  the  instant  they  leave  the  chamber.  Their  front 
ends  being  constantly  deflected  from  the  axes  of  the  receiver,  the  shells 
fall  to  the  ground. 

The  magazine  is  in  the  butt-stock.  A  hole  is  drilled  in  the  receiver 
at  its  near  end,  below  the  breech-bolt,  oblique  to  the  axis  of  the  bore, 
Fig.  1.  Through  this  hole  the  cartridges  are  fed  from  the  magazine 
into  the  receiver,  when  the  bolt  forces  them  into  the  chamber. 

The  trigger  shown  in  Fig.  9  bends  around  the  magazine  tube. 

The  sear-spring  E',  Figs.  1  and  2,  bears  on  its  under  front  surface  in 
the  usual  manner,  rotating  it  upward  about  its  pivot,  F'. 

The  sear-spring  is  terminated  at  its  rear  by  a  cartridge  detent,  G, 
which  projects  through  a  small  opening  in  the  magazine  tube. 

When  the  magazine  is  filled,  which  rs  done  by  pressing  the  cartridges 
into  it  from  the  receiver,  the  front  cartridge  bears  against  the  detent, 
as  seen  in  Fig:  1.  By  pressing  on  the  trigger  the  detent  is  depressed 
below  the  level  of  the  magazine,  and  the  first  cartridge,  under  the  press- 
ure of  the  magazine  spring,  slips  by  and  bears  against  the  under  side 
of  the  bolt. 

When  the  trigger  is  pulled,  which  can  only  be  done  when  the  bolt  is 
closed — since  an  arm,  H,  Fig.  1,  comes  in  contact  with  the  under  side  of 
the  bolt,  as  seen  in  the  figure — the  first  cartridge  passes  the  detent,  and 
is  checked  by  the  under  surface  of  the  bolt  itself. 

When  the  bolt  is  drawn  back,  this  cartridge,  under  the  impulse  of 
the  magazine  spring,  is  shot  into  the  chamber,  while  another  one  moves 
up  against  the  detent. 

When  the  trigger  is  pulled  to  fire  the  first  cartridge,  the  second  one 
passes  the  detent,  and  is  in  turn  checked  by  the  under  surface  of  the 
bolt.  When  the  bolt  is  withdrawn  with  the  empty  shell,  the  second 
cartridge  is  shot  into  the  chamber,  and  so  on. 

The  magazine  cut-oflf.  Fig.  10,  is  attached  to  the  left  side  of  the  piece* 
Its  shaft.  A",  passes  through  the  re<;eiver  into  the  magazine  lube. 

When  its  lever,  C",  is  parallel  with  the  axis  of  the  piece,  the  curved 
side,  B",  of  the  shaft  coincides  with  the  upjier  surface  of  the  magazine- 
tube,  and  cartridges  can  readily  pass  by  it,  and  the  piecii  is  for  the  time 
a  magazine  gun.  If  the  lever  be  inclined  upwards  the  inner  end  of  the 
shaft  partly  crosses  the  tube  and  cuts  oft'  the  escape  of  cartridges,  and 
the  piece  may  then  be  used  as  a  singleloiider.  The  cut-oft*  is  held  in 
either  of  itfi  positions  by  a  spring,  J,  Figs.  1  and  13. 

The  bolt  is  locked  at  full  cock  when  the  piece  is  carried  loaded. 
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The  bolt-lock  is  shown  in  Fig.  11.  Its  attachment  and  metiiodc 
operation  are  similar^to  those  of  the  magazine  cut-oflf. 

When  the  lever  O  is  in  line  with  the  axis  of  the  piece,  the  shaft? 
passes  freely  through  the  slot  B,  Fig.  9,  in  the  trigger^  and  the  to 
is  free  to  move.  When  inclined  upwards  the  shaft  bears  under ife 
front  side,  A,  of  the  slot  and  prevents  the  descent  of  the  trigger. 

When  the  trigger  is  held  in  its  highest  position,  the  part  Q  ente** 
groove,  A',  on  the  body  of  the  bolt  and  thus  prevents  rotation  of  ^ 
latter,  or  simply  locks  it. 

This  gun  carries  five  cartridges  in  the  magazine  and  one  in  the  dias 
ber. 

As  a  magazine  gun  three  motions  are  necessary  to  operate  it,  tIl 
opened,  closed,  fired.  As  a  single  loader  four  motions  are  necessary 
viz,  opened,  loaded,  closed,  fired. 

SYNOPSIS  OF  TESTS. 

The  gun  was  handled  in  the  safety  test  by  Mr.  Albee,  who  fired  tk 
10  shots  in  17^  seconds. 

Regular  tests. 

I. — Rapidity  with  AccrRACY. 

Thirty -one  shots  were  fired,  making  U  hits,  and  leaving  the  magazm 
frdl  (5  cartridges). 

Same  as  a  single  shooter. 

Forty-five  shot8  were  fired,  making  21  hits. 

II. — Rapidity  at  will. 
Twenty-three  shots  were  fired. 

Same  as  a  single  shooter. 
Thirty  one  shots  were  fireil. 

1  il. — EXDl'R  ANCE. 

Five  hundreil  shots  were  fire*!,  at  the  close  of  which  it  m-as  oii«r«d 
that  the  butt-stcvk  connei^tion  was  somewhat  weakened  and  loose. 

IV. — Defective  cartridges. 

Xo,  1.  Liberal  esc4ij>e  of  gas  through  porYs  and  over  head  of  tlie  bet^ 

No,  2.  About  the  same. 

No.  3.  Slight  escape  through  gas  [>orts. 

V. — DrsT. 
Gun  but  little  atfectetl  by  this  test. 

VL— RrsT. 

Gun  thonMijrhly  rnstt^l.  \ 

0|>ene«l  with  nmoh  dithoulty.  ret^uirinj:  use  of  a  stick  as  a  ^uUkif^id^ 
"wat**r  bi*ing  applied,  after  which  the  N>lt  move<l  easily. 
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hMh     Extractor  broken  in  opening  the  gun,  »nd  an  examination  showed 

that  rust  had  penetrated  a  small  crack. 
'^^I*''     Sear-spring  failed  to  operate,  and  gun  had  to  be  taken  apart  to  ascer- 
^'^'  tain  cause  of  trouble,  which  was  found  to  be  due  to  rust. 
ui:>.     Being  reassembled,  extractor  replaced,  &c.,  the  gun  fired  the  20  shots 
'     aU  right. 

^5%:  Vll. — Excessive  charges. 


\ii »» 


iS  L* 


Eighty -five  grains  powder  and  1  bullet.    Extracted  all  right. 
Ninety  grains  powder  and  1  bullet.     Extracted  all  right. 
Ninety  grains  powder  and  2  bullets. 

Failed  to  extract;  part  of  the  shell  blown  through  the  extractor  slot; 
sbell  driven  out  with  the  rammer. 

SUPPLEMENTARY  TESTS, 
I. — DEFECTIVE  CARTRIDGES. 

Gun  worked  well. 

First  dusting. 

Dusted  on  the  full-cock,  there  being  no  half-cock  notch.    Gun  worked 
well. 

Second  dusting. 
One  failure  to  extract  first  shot. 

II. — EXCESSIVE   CHARGES. 

Gun  worked  well.    The  bullets  of  cartridges  in  the  magazine  but  lit- 
tle flattened  at  the  points. 

III. 

The  usual  motions  for  working  a  bolt  with  handle  in  the  middle. 

IV. 

Lowell  ammunition, 

A. — One  hundred  shots  fired. 

Bullets  of  the  cartridges  in  the  magazine  much  flattened  at  the  points, 
and  primers  showing  contact  with  the  lead. 

Winchester  ammunition. 
A. — One  hundred  shots  fired.    Same  remarks. 

U.  M.  C.  ammunition. 
A. — One  hundred  shots  fired.     Same  remarks. 

Frankford  ammunition. 
A. — One  hundred  shots  fired.    Same  remarks. 


428         REPORT  OF  THE  CHIEF  OF  ORDKANCE. 

LotrtU  ammmniiiom. 

B. — One  himdred  shots  fired. 

Ballets  bot  slightly  flatteiHMl  at  the  iMHnts  in  this  test. 

Winckegf^r  nmmmmuiotu 

B. — One  handred  shots  fired.    Same  lemaiiLS. 

C  M,  C  ammmmition, 

B. — One  handred  shots  fired.     Same  remarks. 

The  Board  here  decided  to  abandon  the  test  of  the  partly -filled ^^ 

zine  with  this  gan..  as  being  less  likely  to  prodace  accidentaf  expknioos 
in  the  magazine  than  the  one  preceding. 

LoH-M  ammmniiion, 

C. — One  handred  shots  fired. 

Ballets  flattened  at  jioint^^  aboat  as  in  A. 

17.  Jf.  C,  ammmmition, 

C. — One  handred  shots  fired.    Same  remarks. 

Winchester  ammmmitiam. 

C. — One  handred  shots  fired.     Same  remarks. 


SPKycEB-LEE  Grx,  No.  35. 
(Plate  XVII.) 

DESCRIPTIOX. 

This  gan  is  shown  in  section,  breech  opened  and  closed,  and  largelj 
in  detail  in  the  plate. 

The  breech-block  A,  Figs.  1  and  2,  is  supported  against  the  pressure 
of  the  gas,  when  the  piece  is  fired,  by  the  recoil-bloek  B,  solid  with  tlie 
gnard,  which  has  a  circular  recess  concentric  with  the  rear  of  the  bree^- 
block.  The  latter  is  Klip|>eil  in  the  re<*es8  sideways  and  has,  when  as- 
sembled, a  motion  of  rotation  in  a  vertical  plane.  The  recoil-block  isim 
tarn  supported  by  the  rear  of  the  receirer,  as  seen  in  Figs.  1  and  2. 

The  trigger  C,  Fig.  21,  and  hammer  I),  Fig.  17,  are  pivoted  in  the 
gnard-plate,  the  nose  of  the  former  or  the  sear  being  held  in  position 
the  notch  of  the  latter  by  the  sear-spring  E,  Figs.  1,  2,  and  3. 

The  main -spring  F  is  connected  with  the  hammer  and  the  ander 
of  the  breech-block  by  the  swivels  G  and  H,  Figs.  1  and  2. 

The  piece  is  shown  cocked  in  Fig.  2,  the  firing-pin  being  seen  at  J. 

When  the  trigger  is  pulle<l  the  head  of  the  firing-pin  is  straek  by 
the  upj>er  end,  K,  of  the  hammer. 

The  breei'h-block  is  oi>erate<l  by  a  cam-pin,  C,  Fig.  1,  with  frictkw 
roUer  on  the  inside  of  the  rear  end  on  the  left  of  two  sliding  bars,  L, 
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connected  by  the  hand-grasp  M,  Fig.  2.  The  cam-pin  travels  in  a 
groove  on  the  left  side  of  the  breech-block.  The  groove  has  a  frog  or 
switch,  N,  Figs,  3  and  11,  pivoted  near  its  rear.  When  the  cam-pin 
enters  the  groove,  as  it  does  when  the  forked  slide  is  forced  to  the  rear, 
it  rolls  over  the  incline  O  of  the  frog. 

The  pin  cannot  rise,  since  the  bars  of  the  slide  travel  in  grooves  on 
the  inside  of  the  receiver.  Hence  the  frog  must  be  pressed  downward, 
and  its  jwint  in  tnrn  pressing  on  the  bottom  of  the  groove  in  the  block 
compels  the  latter  to  descend. 

When  the  pin  passes  out  of  the  groove  to  the  rear,  the  front  of  the 
breech-block  would  rise  above  the  receiver  under  the  pressure  of  the 
mainspring,  if  not  held  down  by  the  extractor,  as  explained  later  on. 

When  the  slide  is  returned  to  its  first  position,  the  cam-pin  travels 
on  the  lower  side  of  the  groove,  the  frog  turning  freely  about  its  pivot, 
and  the  front  of  the  block  is  forced  to  descend  to  the  level  of  the 
chamber. 

The  extractor,  Fig.  7,  is  pivoted  in  the  slot  P,  Fig.  2,  in  the  right 
branch  of  the  slide,  as  seen  at  Q,  Fig.  4.  When  the  slide  is  carried  to 
the  rear,  the  free  end  of  the  extractor  passes  on  the  inside  of  the  re- 
ceiver in  the  groove  in  which  the  slide  works,  and  its  hook,  B,  pushes 
the  shell  to  the  rear.  Before,  however,  the  extractor  reaches  the  shell, 
the  block  will  have  begun  to  fall,  and  the  lever  S  of  the  shell  starter, 
Figs.  1,  2,  and  9,  being  struck  by  the  right  branch  of  the  slide,  will 
have' so  loosened  the  shell  that  the  extractor  has  merely  to  push  it  out 
of  the  chamber  into  the  upper  surface  of  the  block.  When  the  ex- 
tractor has  passed  beyond  the  shoulder  T,  Fig.  4,  in  its  rearward 
motion,  the  breech-block,  under  the  pressure  of  the  mainspring,  will  fly 
up  and  eject  the  empty  shell.  If  the  block  be  operated  quickly  the 
shell  will  be  ejected  by  riding  up  the  incline  at  its  rear. 

The  piece  is  cocked  in  the  act  of  opening  the  breech-block  by  the 
cam-pin  coming  in  contact  with  the  hammer  and  pressing  it  back  until 
the  nose  of  the  sear  enters  the  notch.  At  the  front  of  the  breech-block  is 
a  movable  face  or  head,  U,  Figs.  1, 2,  and  12,  which  is  forced  against  the 
base  of  the  cartridge  during  the  closing  of  the  breech.  On  the  opening 
of  the  latter  the  head  drops  away,  and  thus  facilitates  extraction  of  the 
shells.  The  head  is  operated  by  the  shaft  V,  Figs.  1,  2,  and  3.  The 
shaft  is  in  turn  operated  by  the  cam-pin,  in  its  passage  through  the 
groove  coming  in  contact  with  its  arm  or  lever,  W,  Figs.  3  and  19. 

When  the  pin  first  enters  the  groove  it  strikes  on  the  face  X  of  the 
lever  and  rotates  the  shaft  until  its  flat  side  is  parallel  to  the  face  of  the 
block.  Fig.  3.  The  head  can  then  drop  back  against  the  body  of  the 
block,  as  in  Fig.  1.  When  the  cam-pin  is  returned  to  its  first  position 
it  travels  the  lower  part  of  the  groove,  raises  the  frog,  and  strikes 
against  the  face  Y  of  the  lever  W,  and  rotates  the  shaft  to  the  iK)sition 
shown  in  Fig.  2,  its  edge  forcing  the  face  of  the  block  against  the  car- 
tridge. 

A  device  for  locking  the  hammer  until  the  breech-block  is  closed  is 
shown  in  Fig.  16,  and  at  Z,  Fig.  3.  It  is  interposed  between  the  head 
of  the  hammer  and  a  shoulder,  D',  on  the  shaft  V.  The  closing  of  the 
breech- block  rotates  the  shaft  and  withdraws  the  shoulder  from  the 
front  of  the  locking-bar. 

The  latter  is  then  free  to  move  to  the  front  to  the  extent  permitted  by 
the  recess  in  which  the  tenon  on  the  bar  enters,  and  the  hammer  can 
fall  if  the  trigger  be  pulled. 

The  cartridges,  when  the  piece  is  used  as  a  magazine  gun  or  single- 
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loader,  are  drawn  forward  into  the  chamber  of  tbe  arm  A,  of  the  ex- 
tractor. 

The  magazine  is  that  known  as  the  Lee,  with  very  slight  modifica- 
tion. It  is  attached  to  the  under  side  of  the  breech-block,  and  rises  and 
falls  with  it.  The  breech-block  is  recessed  on  its  under  side  sufficiently 
to  receive  a  single  cartridge.  When  this  one  is  drawn  forward  into  the 
chamber  another  from  the  magazine  t^kes  its  place  in  the  block.  It 
will  be  seen  then  that  the  complete  backward  motion  of  the  slide  causes 
the  block  to  descend,  the  shell  to  be  pushed  out  on  its  upper  surface, 
and  then  the  block  to  fly  up  and  eject  the  empty  shell ;  the  forward  mo- 
tion then  carries  a  cartridge  from  the  magazine  into  the  chamber  and 
causes  the  block  to  descend  to  its  proper  position  in  rear  of  it. 

A  cut-off,  Fig.  24,  may  be  so  turned  as  at  B',  Fig.  3,  to  limit  the  back- 
ward motion  of  the  slide,  thus  preventing  the  extractor  passing  beyond 
the  shoulder  T.  The  block  then  cannot  rise  and  bring  the  cartridges 
from  the  magazine  opposite  the  chamber.  The  piece  may  consequently 
be  used  as  a  single  loader.  If  the  cutoff  be  turned  vertically  downward, 
the  piece  may  be  used  as  a  magazine  gun*.  If  turned  upward  to  its 
farthest  extent,  a  small  pin,  B',  Figs.  3  and  24,  on  its  under  side  will  enter 
a  notch  in  the  slide  and  lock  it,  and  therefore  the  breech-block. 

Three  motions  are  necessary  to  operate  this  piece  as  a  magazine  gun^ 
viz,  the  movement  of  the  slide  to  the  rear,  to  the  front,  and  the  pulling 
of  the  trigger.    In  addition,  when  used  a«  a  single  loader,  loading. 

,  SYNOPSIS  OF  TESTS, 

The  gun  was  handled  in  the  safety  test  by  one  of  the  inventors  (Mr. 
Spencer),  who  fired  the  10  shots  in  9  seconds,  using  two  magazines. 

Regular  tests. 
I. — Rapidity  with  accuracy. 

First  trial, — By  R.  T.  Hare,  expert  for  the  Board. 

Thirty-seven  shots  weife  fired,  making  35  hits,  some  time  being  lost 
by  the  operator  failing  in  the  first  instance  to  make  the  full  motion  in 
bringing  back  the  slide. 

Second  trial. — By  Mr.  Spencer. 

Sixty-nine  shots  were  fired  making  66  hits,  leaving  the  magazine  full 
(5 shots)  and  attached;  1  misfire. 

As  a  single  shooter. 
By  R.  T.  Hare,  38  shots  were  fired,  making  34  hits. 

II. — Rapidity  at  will. 

Twenty-seven  shots  were  fired;  one  passed  through  without  firing,  the 
operator  failing  to  pull  the  trigger;  3  cartridges  were  left  in  the  maga- 
zine. 

As  a  single  shooter. 

Twenty-six  shots  were  fired. 

III.— Endurance. 

Five  hundred  shots  were  fired,  the  gun  working  well  throughout;  the 
sixth  50  shots  being  fired  in  1  minute  and  15  seconds. 
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IV. — Defective  cartridges. 

No.  1.  Slight  escape  of  gas;  shell  extracted  easily. 

No.  2.  About  the  same. 

No.  3.  Very  slight  escape  of  gas,  and  extracted  about  the  same. 

V. — Dust.  , 

Gun  seemed  but  little  affected  by  this  test. 

VI.— Rust. 

Gun  thoroughly  rusted  and  dry.  Opened  hard,  requiring  use  of  the 
lead  mallet  and  force  applied  in  various  directions.  After  opening,  water 
was  poured  into  the  breech  mechanism  to  facilitate  working  by  hand. 

After  firing  a  few  shots  the  breech-block  was  taken  out  to  ascertain  the 
cause  of  a  difficulty  encountered  in  closing,  sometimes  requiring  a  slight 
return  motion  of  the  slide.  This  was  found  to  be  due  to  an  accumula- 
tion of  rust  between  the  receiver  and  slide,  springing  the  latter  towards 
the  breech-block  and  causing  the  end  of  the  friction  roller  to  engage  a 
sharp  comer  of  a  slot  in  the  block,  and  which  it  did  not  readily  pass.  This 
being  slightly  rounded  off,  aJ^  should  have  been  done  in  finishing,  the 
20  shots  were  tired  without  difficulty,  the  gun  working  somewhat  stiffly. 

VII. — Excessive  charges. 

Eighty-five  grains  powder  and  1  bullet.  Jpened  and  extracted  all 
right. 

Ninety  grains  powder  and  1  bullet.    About  the  same  as  before. 

Ninety  grains  powder  and  2  bullets.  About  the  same  as  before,  though 
the  head  of  the  shell  was  considerably  bulged  out;  the  head  of  the 
breech-block  not  fitting  as  tightly  as  it  was  thought  it  might  be  readily 
made  to  do. 

SUPPLEMENTARY  TESTS. 

*  *  • 

I. — Defective  cartridges. 

Gun  worked  well. 

First  dusting. 

First  defective ;  missed  fire  first  trial. 

Second  dusting. 
Gun  worked  all  right. 

II.— Excessive  charges. 

Gun  worked  well.  Heads  of  shells  somewhat  swollen,  due  to  yielding 
of  breech-block  head. 

III. 
Easy  and  rapid. 

IV. 

Lowell  ammunition  in  the  magazine  (70-405),  using  70-500  Frankford 
for  firing. 
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A. — Ooe  huudred  shots  fired  in  the  iron  rest.    One  misfire. 

Breech  block  dropped  down,  partly  opening  the  gan  after  each  shot, 
due  to  the  return  movement  of  the  recoil-spring  aeting  against  the 
weight  of  the  hand-piece,  &c.,  when  not  supported  in  the  hand. 

Bullets  of  the  cartridges  in  the  magazine  slightly  bruised. 

C. — Fifty  shots  fired.    Same  remarks. 

Test  discontinued,  the  Board  being  satisfied  from  the  effects  produced 
on  cartridges  in  tte  magazine  that  the  liability  to  accidental  explosion 
was  reduced  to  a  minimum  in  this  system  of  detachable  magazines. 


Lee  Magazine  Gun,  No.  36. 
(Plate  XVm.) 

DESCRIPTION. 

This  gun  differs  from  No.  10  only  in  the  position  and  shape  of  the  bolt- 
handle  and  in  the  form  of  its  magazine.  The  handle  has  been  cut  from 
the  body  of  the  bolt,  leaving  the  locking-shoulder  A,  and  transferred  to 
the  rear,  as  shown  in  Figs.  1  and  6.  It  has  also  been  bent  down  closely 
to  the  stock,  the  ball,  with  which  it  is  terminated,  alone  projecting  out- 
ward and  upward.  The  object  of  this  change  was  to  enable  one  to  reach 
the  trigger  without  entirely  removing  the  band  from  the  bolt. 

The  front  face  of  the  magazine.  Figs.  1  and  16,  has  been  made  plain, 
the  spring  catch  B  having  been  found  sufficient  to  retain  the  maga- 
zine in  place.  To  prevent  the  cartridges  being  jarred  from  the  maga- 
zine a  strong  spring,  C,  Fig.  1,  has  been  placed  in  a  vertical  groove  in 
its  side. 

The  spring  has  a  sliding  motion  in  the  groove,  being  operated  by  the 
button  or  head  D,  Figs.  1  and  16,  the  arm  of  which  passes  through  an 
elongated  opening  in  the  side  of  the  magazine,  and  is  riveted  to  the 
spring. 

The  upper  end  of  the  spring  is  curved  so  as  to  bear  on  the  top  car- 
tridge, and  thus  hold  it  and  those  below  it  in  place. 

When  the  magazine  is  applied  to  the  gun,  the  button  on  the  spring 
comes  into  contact  with  the  under  side-  of  the  receiver,  and  is  pressed 
downward,  withdrawing  the  upper  end  of  the  spring  to  a  point  oppo- 
site the  groove  in  the  side  of  the  magazine,  into  which  it  springs,  and 
the  cartridges  are  free  to  enter  the  receiver,  the  piece  then  being  a 
magazine  gun. 

SYNOPSIS  OF  TESTS. 

The  gun  was  presented  and  handled  in  the  safety  tests  by  Mr.  Lee, 
the  inventor,  who  fired  the  10  shots  in  9  seconds. 

Regular  tests. 

I. — Rapidity  with  accueacy. 

First  tnal. — By  R.  T.  Hare.  Forty-one  shots  were  fired,  making  27 
hits,  and  leaving  4  in  the  magazine. 

Second  trial. — By  Mr.  Lee.  Sixty-eight  shots  were  fired,  making  41 
hits,  and  leaving  3  in  the  magazine. 
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As  a  single  shooter. 
Forty -six  shots  were  fired,  making  31  bits. 

n. — Rapidity  at  will. 
Thirty-five  shots  were  fired. 

As  a  single  shooter. 
Twenty-nine  shots  were  fired. 

III.— Endurance. 

Five  hundred  shots  were  fired,  the  gun  working  perfectly  throughout ; 
a  little  hard  when  overheated  by  rapid  firing.  In  this  test  50  shots 
were  fired  by  Mr.  Lee  in  one  minute. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  gas  through  the  ports. 
No.  2.  About  the  same  as  No.  1. 
No.  3.  Slight  escape. 

v.— Dust. 

Gun  but  little  afiEected  in  its  working  by  this  test. 

VI.— Rust. 

The  gun  was  first  rusted  by  mistake  on  the  full  cock,  when  it  was 
decided  to  clean  it  up  and  repeat  the  process. 

Second  rusting. — Gun  thoi'oughly  rusted  and  dry,  opened  by  blows 
with  a  stick  of  wood  (tent-pin),  and  after  a  few  minutes'  manipulation, 
and  water  being  poured  on,  fired  the  20  shots  without  difficulty. 

VII. — Excessive  charges. 

No.  1.  Opened  and  extracted  all  right. 

No.  2.  About  the  same. 

No.  3.  About  the  same,  only  requiring  to  be  snapped  before  opening. 

SUPPLEMENTARY  TESTS. 

I. — Defective  cartridges. 
First  extracted  hard;  second,  easily. 

First  dusting. 

Gun  worked  well.  Piece  of  the  shell  at  angle  of  the  cross-cuts  on 
head  of  the  first  defective  blew  ofiT  and  lodged  under  extractor,  causing 
failure  to  extract  until  taken  out. 

Second  dusting. 

Gun  opened  a  little  stiffly  at  first,  but  worked  well. 
28  ord 
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II. — EXCBSSIVB  CHARGES. 

Ballets  in  magazine  slightly  braised  at  points ;  contact  with  the  mag- 
azine dae  to  the  recoil. 

m. 

The  nsaal  motions  for  working  a  bolt-gun  with  handle  in  the  rear  of 
the  bolt.  The  gun  not  necessarily  taken  from  the  shoulder,  or  hand  from 
the  bolt,  until  magazine  is  emptied. 

IV. 

Frankford  folded-head  (70-405)  ammunition  in  the  magazine,  70-500 
being  fired. 

A. — Forty  shots  were  fired. 

Magazine  dropped  out  several  times  during  the  test,  the  notch  by 
which  it  was  held  by  the  retaining  catch  not  being  deep  enough ;  other- 
wise worked  well. 

Cartridges  in  magazine  showed,  at  the  points  of  the  bullets,  contact 
with  the  front  of  the  magazine.  Firing  from  the  magazine,  cartridges 
remaining  in  the  magazine  showed  a  mark  for  each  shot  fired. 

Gun  not  readily  loaded  as  a  single  shooter  with  the  magazine  at- 
tached, and  the  test  was  discontinued,  the  Board  being  satisfied  tliat 
the  best  results  of  which  this  gun  was  capable  were  not  obtained  when 
used  as  a  single  loader  with  tl^  magazine  atta^ihed  and  filled. 


Burton,  No.  37. 

description. 

A  drawing  of  this  gun  was  not  made,  bnt  it  does  not  differ  materially 
from  the  well-known  Ward-Burton  magazine  gun  described  in  ^e  re- 
port of  the  Board  on  magazine  guns  of  1874,  except  that  this  gun  has  a 
magazine  on  the  right  side  and  above  the  receiver,  from  which  the  car- 
tridges are  fed  into  the  latter  by  gravity  when  the  bolt  is  drawn  back. 

SYNOPSIS  OF  TESTS. 

The  gun  was  presented  by  Mr.  W.  A.  Burton,  who  handled  it  in  the 
safety  test  by  firing  the  10  shots  in  35  seconds. 

One  cartridge  stuck  in  the  tin  feed  case  placed  on  the  magazine. 

On  inspection  it  was  found  that  the  chamber  was  too  large  for  the 
reijulatiou  cartridge,  the  shells  swelling  out  to  such  an  extent  as  to 
loosen  the  anvils,  permitting  them  to  drop  out. 

It  was  thought  unsafe  to  continue  tests,  and  they  were  suspended  to 
correct  this  difficulty. 

On  resuming  the  tests  four  weeks  later,  on  the  14th  of  August,  the 
same  defect  was  still  found  to  exist,  and  the  Board  being  unable  to  give 
the  representation  any  further  time,  the  tests  were  abandoned. 

Burton,  No.  38. 

DESCRIPTION. 

This  gun  differs  from  No.  37,  presented  by  the  same  gentleman,  in 
having  the  magazine  under  the  barrel  instead  of  on  the  receiver. 
A  drawing  of  this  gun  wns  not  mado,  hut  it  does  not  differ  materially 
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from  that  of  the  same  name  sabmitted  to  the  Board  on  magazine  guns 
of  1878,  and  it  is  similar  in  its  main  featares  to  several  others  tested  by 
this  Board. 

SYNOPSIS  OF  TESTS. 

It  was  handled  in  the  safety  test  by  Mr.  W.  A.  Burton,  who  fired  a 
preliminary  test,  when  it  was  also  found  to  be  chambered  too  large  for 
the  regulation  cartridge,  and  the  tests  were  suspended  to  correct  this 
difficulty. 

This  gun  was  never  resubmitted  to  the  Board. 


The  Springfibld-Jones  Magazine  Gun,  No.  39. 

(Plate  XIX.) 

DESCRIPTION. 

This  is  the  well-known  United  States  service  Springfield  rifle,  with 
several  alterations  and  the  addition  of  a  magazine. 

The  alterations  and  additions  are  as  follows : 

The  firing-pin  guard  has  been  removed,  and  the  outer  end  of  the 
thumb-piece  slotted  in  the  direction  of  the  axis  of  the  barrel.  This 
slot  receives  one  end  of  a  lever,  A,  Fig.  I,  which  is  secured  by  a  pin,  I, 
about  which  it  may  turn  in  a  direction  toward  the  under  side  of  the 
thumb-piece. 

A  flat  spring,  K,  lying  in  a  groove  in  the  upper  surface  of  the  thumb- 
piece — ^to  which  it  is  secured  by  a  screw,  L— bearing  on  a  flat  and  against 
a  shoulder  on  the  upper  extremity  of  the  lever,  returns  it  to  position 
and  limits  its  motion  in  the  reverse  direction.  An  arm,  B,  Fig.  3,  se- 
curely attached  by  the  tumbler-screw  to  the  hammer,  on  which  a 
shoulder  has  been  cut  to  prevent  rotation,  bears  against  the  lower  end 
of  the  lever  A  and  raises  the  thumb-piece  when  the  hammer  is  brought 
to  the  half  or  full  cock  and  thus  unlocks  the  breech-block. 

A  piston,  0,  Figs.  1  and  5,  pivoted  to  the  left  side  of  the  breech-block, 
is  surrounded  by  a  spiral  spring,  the  rear  end  of  which  finds  a  bearing 
on  a  metal  plate  attached  to  the  left  side  of  the  stock,  the  front  of  which 
is  bent  at  right  angles  to  the  receiver.  A  hole  through  the  plate  ad- 
mits the  rear  end  of  the  piston.  When  the  breech-block  is  unlocked  by 
the  cocking  of  the  hammer  the  spiral  spring  throws  up  the  block  and 
extracts  the  empty  shell. 

The  well  of  the  receiver  has  been  deepened  at  the  rear,  and  the  lower 
part  of  the  breech-pin  cut  away  to  form  a  channel  through  which  the 
cartridges  may  feed  from  the  magazine,  which  is  in  the  butt-stock. 

The  ejector-stud  has  been  replaced  by  a  movable  one,  D,  Figs.  1,  13, 
and  8,  which  is  depressed  to  the  bottom  of  the  receiver  at  the  instant  the 
cartridge  leaves  the  magazine.  This  stud  is  pivoted  at  its  rear  to  a  block 
just  above  the  trigger-mortise.  A  short  distance  in  advanceof  its  pivotit 
passes  through  a  pin,  Fig.  9,  which  bends  about  the  magazine  tube  and 
enters  the  tang-screw  hole  above.  The  upper  extremity  of  this  pin  is 
provided  with  a  screw-thread  which  enters  the  hollow  screw  E,  Figs.  1 
and  2. 

Just  below  the  hollow-screw,  and  on  the  bent  pin,  is  a  cartridge  detent, 
Fig.  7,  the  point  F  of  which  passes  through  an  opening  in  the  magazine- 
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tube  sufficiently  far  to  preveut  the  escape  of  the  cartridges  by  catching 
on  the  flange  or  rim  of  their  heads. 

A  second  detent,  X,  Figs.  1,  2,  and  11,  on  the  under  side  of  the  tube, 
is  attached  to  the  arm  of  the  ejector-stud. 

A  spring,  Figs.  1, 2,  and  6,  attached  to  the  bottom  of  the  guard-plate 
by  the  guard-nut,  bears  on  the  lower  shoulder  G  of  the  pin,  Fig.  9,  and 
thus  holds  the  detents  in  position. 

The  magazine  proper  consists  simply  of  the  familiar  tube,  spiral  spring, 
and  piston,  and  requires  no  comment. 

The  operation  of  the  magazine  system  is  as  follows : 

The  piece  having  been  cocked  and  the  breech-block  thrown  up  by  the 
spiral  piston  spring,  the  operator  presses  on  the  hollow  screw  E.  The 
lower  detent  descends,  and  the  first  cartridge,  under  the  pressure  of  the 
magazine  spring,  slips  by  and  enters  the  chamber. 

As  the  lower  detent  is  depressed  the  upper  one  also  descends,  check- 
ing the  second  cartridge.  When  the  pressure  on  the  hollow  screw  E 
is  relieved  the  spring  H,  Figs.  1  and  2,  returns  the  detents  to  the  original 
positions ;  the  second  cartridge  then  passes  the  upper  and  is  checked 
by  the  lower  detent.  As  a  single-loader  the  piece  is  operated  in  the 
usual  manner,  the  lower  detent  serving  as  a  cut-off  to  the  magazine. 

As  a  magazine  gun  three  motions  are  necessary  to  operate  it,  viz, 
opened,  closed,  fired. 

As  a  single-loader  four  motions  are  necessary,  viz,  opened,  loaded, 
closed,  fired. 

This  gun  carries  five  cartridges  in  the  magazine  and  one  in  the 
chamber. 

SYNOPSIS  OF  TESTS, 

This  was  a  regular  Springfield  breech-loading  rifle  converted  into  a 
magazine  gun  by  modification.  It  was  presented  by  Mr.  A.  Sheridan 
Jones,  of  Dakota,  the  inventor,  who  handled  it  in  the  safety  test,  firing 
the  ten  shots  in  45  seconds. 

Second  trial, — By  Mr.  11.  T.  Hare,  time  48  seconds. 

The  ejector-spring  found  to  be  too  weak  to  operate  automatically  and 
was  changed. 

Third  trial. — By  K.  T.  Hare,  time  of  10  shots  40  seconds. 

The  guide  on  the  follower  in  the  magazine  came  off  in  the  foregoing 
and  the  tests  were  suspended  for  repairs.  The  tests  were  resumed  the 
following  day. 

BEG  ULAB  TESTS. 

I.— Eapidity  with  ACCUEACY. 

Seventeen  shots  were  tired,  making  16  hits,  leaving  one  cartridge  in 
the  magazine. 

Two  cartridges  escaped  from  the  magazine  at  once,  checking  the 
automatic  operation  of  the  block  until  one  could  be  thrown  out. 

One  shell  struck  against  the  barrel-screw  and  fell  back  into  the  re- 
ceiver. 

Several  failures  to  eject  automatically.  The  block  in  such  cases  had 
to  be  operated  by  hand. 

Several  cartridges  failed  to  feed  into  the  chamber  and  had  to  be  pushed 
in  by  hand  before  the  breech  could  be  closed. 

As  a  single  shooter. 

Forty-one  shots  were  fired,  making  31  hits,  and  leaving  a  cartridge 
in  the  chamber.  Four  failures  to  eject  automatically.  Block  operated 
l>v  hand. 
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II. — Rapidity  at  will. 

Eleven  shots  were  fired,  leaving  1  cartridge  in  the  magazine.  Six 
failures  to  eject  as  before. 

As  a  single  shooter. 

Twenty-two  shot8  were  fired.    Nine  failures  to  eject. 

II  I. — Endurance. 

Four  hundred  and  eighteen  shots  were  fired. 

In  the  first  200  shots  many  failures  to  eject  automatically,  when  the 
block  had  to  be  operated  by  hand  as  in  the  ordinary  Spriugfield  rifle. 

At  this  stage  the  ejector-spring  was  strengthened  by  adding  another 
one  to  it.  The  same  trouble  was,  however,  still  found  to  exist,  only  in  a 
less  degree;  about  one- half  of  the  shells  failing  to  eject  automatically, 
and  about  the  same  proportion  failing  to  feed  into  the  chamber.  The 
hinge  of  breechblock  was  here  well  oiled  to  facilitate  automatic  working 
and  ejection  of  shells,  with  some  good  effect;  nearly  all  of  the  shots  fol- 
lowing were  ejected  all  right. 

At  the  418th  shot  the  stock  split  open  through  the  side  screw-holes 
back  to  the  comb. 

It  was  thought  due  to  the  removal  of  the  long  screw  and  cutting  away 
the  stock  for  insertion  of  magazine-tube,  as  well  as  to  the  resistance  to 
recoil  offered  by  the  fixed  rest  in  which  it  was  fixed. 

Gun  withdrawn. 


RUSSELL-LrVEBMORE  MAGAZINE  GUN,  No.  40. 

DESCRIPTION. 

The  Russell  gun,  No.  17  (Plate  IX),  having  been  modified  as  explained 
below,  was  re-entered  as  No.  40. 

The  trigger  has  been  set  farther  forward,  the  object  in  making  this 
change  being  to  facilitate  rapid  fixing. 

Instead  of  the  notch  D^  Fig.  2,  Plate  IX,  in  the  bottom  of  the  receiver, 
a  spring  ejector  has  been  introduced. 

This  spring  is  screwed  at  one  end  to  the  bottom  of  the  receiver  on  the 
outside.  The  other  end  of  the  spring,  notched  to  receive  the  rim  of  the 
empty  shell,  projects  through  an  opening  in  the  receiver ;  when  the 
shell  is  extracted  and  drawn  into  the  notch  of  the  spring,  the  latter,  being 
pressed  down,  reacts  and  throws  out  the  shell  through  the  opening. 

An  addition  to  the  magazine.  Fig.  9,  Plate  IX,  has  been  made.  This 
addition  consists  of  a  metallic  rim,  screwed  to  the  top  of  the  magazine, 
its  function  being  to  hold  the  box  from  which  the  magazine  is  loaded, 
as  explained  in  the  description  of  No.  17. 

SYNOPSIS  OF  TESTS. 

This  was  the  same  gun  as  the  Russell,  Nos.  14  and  17  (Plate  IX), 
slightly  modified  and  presented  by  Captain  Livermore,  TJ.  S.  Engineers, 
who  handled  it  in  the  safety  test,  making  the  10  shots  in  15  seconds. 
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Regular  tests. 
I. — Rapidity  with  accuracy. 

Twenty-nine  shots  were  fired,  making  28  hits ;  4  thrown  out  in  filling, 
and  magazine  left  fall  (5  shots)* 

Second  trial. — Twenty-five  shots  were  fired,  making  23  hits ;  2  car- 
tridges fed  up  together  twice ;  one  case  failed  to  enter  the  mouth  of  the 
magazine  and  was  dropped. 

Third  trial  by  Captain  Livermore. — Forty-three  shots  were  fired,  mak- 
ing 29  hits,  leaving  3  in  the  magazine. 

As  a  single  shooter. 
Forty -four  shots  were  fired,  making  24  hits. 

II.— Rapidity  at  will. 

By  Captain  Livermore. — Twenty-seven  shots  were  fired. 

Two  cartridges  were  lost  out  in  filling  the  magazine  at  one  time,  and  3 
at  another. 

Second  trial. — By  R.  T.  Hare.  Fourteen  shots  were  fired;  2  misfires; 
2  cartridges  fed  up  together  checking  the  action.  In  filling,  the  maga- 
zine twice  failed  to  get  all  the  cartridges  from  the  feeding  cases;  4  car- 
tridges left  in  the  magazine. 

As  a  single  shooter. 
Twenty-five  shots  were  fired. 

III. — Endurance. 

Five  hundred  shots  were  fired. 

First  50  without  feeding  cases ;  the  gun  worked  very  well. 

Second  50  fired  in  2  minutes  and  20  seconds. 

Third  50  fired  in  1  minute  and  6  seconds. 

Fourth  50  fired  in  1  minute  and  33  seconds  by  Captain  Livermore,  and 
using  the  feeding  cases.  Two  misfires  due  to  foul  by  manipulation;  1 
cartridge  thrown  out  of  magazine. 

Fifth  50,  3  misfires  and  1  failure  to  extract  shell. 

Eighth  50,  4  misfires. 

Ninth  50, 1  misfire. 

Tenth  50,  3  misfires. 

IV. — Defective  cartridges. 

No.  1.  Liberal  escape  of  gas  in  all  directions. 
No.  2.  About  the  same. 
No.  3.  Small  escape  of  gas. 

v.— Dust. 

Gun  not  much  affected  by  this  test.  One  misfire  and  1  failure  to  ex- 
tract the  shell. 


'^^:i  REPORT  OF  THE  CHIEF  OF  ORDNANCE.         439 

YI.— Bust. 

Gun  thoroughly  rusted.    Opened  with  great  difficulty,  requiring  the 
use  of  mallet  and  water ;   after  which  could  not  be  made  to  operate 
r :  without  cleaning  up  and  repairing,  and  the  tests  were  abandoned. 


•     z- 


Elliot  Magazine  Gun. 
(Plate  XX.) 

description. 

This  arm  is  provided  with  a  reciprocating  and  rotating  bolt  for  clos- 
ing and  locking  the  cartridge-chamber  by  means  of  a  handle  in  the 
usual  way.  It  is  also  provid^  with  a  double  tubular  magazine,  located 
in  the  butt-stock,  the  tubular  chambers  being  arranged  one  over  the 
other,  and  each  provided  with  independent  cartridge-propelling  devices. 

The  upper  end  of  revolving  pawl  i  is  bent  inward  and  works  in  a 
longitudinal  groove  cut  in  the  side  of  the  bolt,  as  seen  in  Figs.  3  and  5 ; 
and  where  the  bolt  is  rotated  in  locking  and  unlocking  the  arm  it  gives 
a  vertical  movement  to  the  revolving  pawl,  which,  being  actuated  by  a 
suitable  spring,  causes  the  disk  or  ratchet  i'  to  revolve  one  notch.  On 
the  face  of  the  disk  and  over  each  alternate  ratchet  tooth  there  is  a 
cam.  These  cams  and  the  free  ends  of  the  double-feed  pawl  i^'  are  so 
arranged  in  relation  to  each  other  that  the  cams  pass  under  and  raise 
the  ends  of  the  feed  pawl  alternately.  Each  time  one  of  the  ends  of 
the  feed  pawl  is  raised  the  line  of  cartridges  under  it  is  permitted  to 
move  forward  until  the  ball  of  the  first  cartridge  lodges  in  the  recess 
between  the  carrier  and  bolt.  In  this  position  of  parts  the  head  of  the 
first  cartridge  remains  a  little  way  in  the  mouth  of  the  magazine,  and 
the  second  one  has  not  yet  engaged  the  point  of  the  feed  pawl.  When 
the  bolt  is  drawn  back  after  firing,  the  magazine  spring  forces  the 
whole  column  of  cartridges  forward  until  the  feed  pawl  engages  the 
head  of  the  second  one,  and  the  first  one  is  landed  upon  the  carrier. 
When  the  backward  movement  of  the  bolt  is  completed  the  first  car- 
tridge is  raised  into  the  receiving  chamber  by  the  carrier  spring.  By 
this  arrangement  of  parts  the  shock  of  arresting  the  forward  move- 
ment of  the  column  of  cartridges  is  taken  upon  the  carrier  and  bolt 

In  addition  to  the  ordinary  spiral  magazine  spring  there  is  an  auxil- 
iary spring  in  the  bottom  of  each  tubular  space,  as  seen  in  Fig.  1,  the 
object  of  which  is  to  cushion  the  blow  of  the  column  of  cartridges  upon 
the  bottom  of  the  magizine  in  case  of  heavy  recoil  or  jolting  when  the 
magazine  is  full  or  nearly  so,  and  thus  prevent  accidental  explosions. 
The  tubular  spaces  are  provided  with  projections  or  shoulders  on  each 
side,  as  seen  in  Figs.  5  and  7.  These  projections  are  so  arranged  that 
the  cartridge-heads  strike  them  alternately  on  each  side,  which  causes 
the  heads  to  vibrate  laterally  and  prevents  the  cartridges  from  mov- 
ing, from  any  cause,  with  dangerous  rapidity,  whereby  accidental  ex- 
plosion is  avoided.  In  Fig.  1  it  may  be  seen  that  the  butt-stock  and 
tip-stock  are  made  in  separate  pieces,  being  supported  at  their  inner 
ends  by  the  cheek-pieces  w,  under  which  they  project,  as  shown  in  broken 
lines. 

The  handle  of  the  bolt  is  attached  to  the  rear  end  and  has  six  curves, 
as  follows:  Backward  and  downward,  as  in  Fig.  1  and  2,  which  carry  the 
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handle  ba€k  within  reach  of  the  thumb — while  the  index  finger  is  on  the 
trigger;  also  curves  downward,  outward,  and  upward,  as  in  Fig.  3,  to 
form  a  bed  for  the  thumb  to  rest  in.  The  end  of  the  handle  has  also 
a  downward  curve  over  the  side  of  the  hand. 

During  the  manipulation  of  the  arm  the  handle  is  grasped  between 
the  thumb  and  the  side  of  the  hand  above  the  index  finger,  from  which 
it  is  not  at  any  time  released.  At  the  moment  of  firing  the  bolt  is  held 
in  the  locked  position  by  the  thumb  on  the  handle.  In  withdrawing 
the  bolt  the  thumb  is  bent  down  a  little  forward  of  the  lower  end  of 
the  handle,  and  the  act  of  returning  and  locking  the  bolt  carries  the 
index  finger  back  to  the  trigger  and  the  other  three  fingers  to  the  wrist 
of  the  arm. 
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Appendix  31. 


DEVIATIONS  OF  SMALL-ABM  PROJECTILES, 

THE  VERTICAL  DEVIATION  OF  THE  POINT  OF  PALL  OP  SMALL- ABM  PBO- 
JEOTILES  FROM  THE  POINT  AIMED  AT,  WHEN  THE  LATTER  POINT 
IS  ABOVE  OB  BELOW  THE  HOBIZONTAL  PLANE  THBOUGH  THE  POINT 
OP  FIBE,  MAKING  USE  OF  THE  EQUATION  OF  THE  TBAJEOTOBY. 

BY  CAPT.   JOHN  E.   GREER,  ORDNANCE  DEPARTMENT. 

(Two  plates.) 

National  Abmoby,  Septe^nber  1, 1882. 

Sib  :  About  two  years  ago  I  was  requested  by  the  late  Colonel  Benton 
to  prove — inquiry  having  been  made  of  him — that  a  gun  accurately 
sighted  on  a  level,  as  is  customary,  for  a  range,  R,  would  always  shoot 
below  the  point  aimed  at  if  that  point  were  above  the  horizontal  but  at 
the  same  distance,  R,  from  the  tirer,  and  above  that  point  if  it  were 
below  the  horizontal.    . 

This  I  was  unable  to  do  for  the  reason,  as  appears  from  what  follows, 
that  such  is  not  always  the  case,  though  I  proposed  at  the  time  a  simple 
method  of  finding  the  distance  from  the  point  aimed  at,  above  or  below, 
in  any  particular  instance,  by  making  use  of  the  equation  of  the  tra- 
jectory. 

Recently  I  resumed  consideration  of  the  subject,  and  now  have  the 
honor  to  submit  a  very  interesting  discussion  in  regard  to  it. 

The  equation  of  the  trajectory  in  vacuo  is 


(1) 


y  =  x  ta.nz  — ^ 


gj(^' 


2  V=^  C08.2 


V 


in  which  a?  and  y  are  the  co-ordinates  of  the  various  points  of  the  line  re- 
ferred to  the  rectangular  axes  X  and  Y,  z  the  angle  of  projection,  and 
V  the  initial  velocity. 


V&Y' 
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• 

The  trajectory  marked  (a)  in  the  figure  may  be  considered  as  corre 
spending  to  this  equation. 

Suppose  the  object  aimed  at  is  under  an  angle  of  elevation  tCj  and  thai 
the  linepf  sight  makes  the  same  angle  z  with  the  axis  of  the  bore. 

The  angle  of  projection  is  then  w  +  z^*  and  the  equation  of  the  tra- 
jectory under  these  circumstances  becomes 

V  =zXtSLU,  (W  4- Z)—    nT79^        4/        I      ^ 

y      -.  v«   .  V     -r    /       2  V^  COS.*  {w  +  z) 

The  curve  marked  {h)  may  be  considered  as  corresponding  to  this 
equation.    For  cionvenience  make  ^  =  m?  +  2?,  whence  we  have   * 

(2)  y  =  X  tan.  cp  -2  V2  cos.*  cp' 

Let  us  now  refer  this  latter  trajectory  to  a  new  set  of  co-ordinate 
axes  in  the  same  plane  having  the  same  origin,  the  new  and  primitive 
axes  of  Y  being  the  same  but  the  new  axis  of  X  being  the  new  line  of 
sight. 
Galling  a/  and  y'  the  new  co  ordinates,  w6  have  from  the  figure  : 

x-=x^  cos.  ir, 
and 

y  =^y*  +  a?'  sin.  w. 
Making  these  substitutions  in  equation  2  and  reducing,  there  results, 

gx^^  2  COS.*  tc 

(3)  y'  =  wf'  COS.  tr  tan.  (p  —  x*  sin.  ^0  -  -g  t?*  cos.*  <p  ' 

From  this  equation,  having  given  a  particular  value  for  x'j  y*  may  be 
readily  deduced. 

In  order,  then,  to  find  where  the  trajectory  cuts  a  vertical  target  at 
any  range,  substitute  for  ac'  the  range  given  and  solve  the  equation  tcitk 
respect  to  y'. 

Ify'  he  positive^  the  projectile  strikes  the  target  aJ>ove  the  point  aimed 
at:  if  negative,  behw;  and  if  zero,  at  that  point. 

oubstifuting  K,  the  range,  for  X',  we  have 

y'  =  R  COS.  w  tan.  (p  —  B>  sm.  tr  —  ^  V^cos.*  a/ 

From  the  figure : 

C D  =R  COS.  w  =  AC  COS.  ^ 

.  * .  R  COS.  w  tan.  ^  =  A  0  cos.  <p  tan.  ^  =  A  G  sin.  ^, 
and 

.  ^   .  ^    .  fl'  R'  COS.*  fjp 

y  =  A  G  sih.  ^  -  R  sm.  w  —  272^^2-^- 

But  AB  =  AD  —  BD  and  A  D  and  B  D  equal  A  G  sin.  tp  and  R  sin.  tr, 
respectively ; 

.•.  A  B  =  AG  sin.  <^  — Rsin.tr. 


*  This  of  course  assniues  that,  the  position  of  the  muzzle  of  the  piece  remains  nn- 
ohanfj^ed;  otherwise  the  angle  of  projection  will  not  be  exactly  w-^-Zj  tks  mav  be  seen 
in  Plate  II,  where  the  angle  of  elevation  of  the  object  is  w  diminished  by  the  angle 
at  the  object  Rnbtended  by  the  distance  through  which  the  muzzle  has  been  raised. 
The  range,  however,  is  usually  so  great  in  comparison  with  the  few  inches  passed 
over  by  the  muzzle  that  the  latter  angle  may  be  neglected  without  sensible  error. 
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>  • 

From  the  triangle  A  B  C  we  have  A  B  :  R  : :  sin.  z  :  sin.  (90^  —  9)), 
from  which 

^  _      R  sin.  z      R  sin.  z       .  ,^   .  ^^    . 

AB=  ^;,^       .•.-—- —  =  A  C  sm.  a>  —  R  sin.  tc, 
COS.  q)        COS.  (p  ^  ' 

and 

^  __  R  sin.  z      gW  cos."-*  w 

(^^  ^  "^'cos.V    ~2V2C08.2>' 

But  R  =  ^1  sJw-  ^z  (Benton's  Ordnance  and  Ounnery^  p.  397),  whence 

sin.  2  ^ 
and 

,_       _  R  COS.2  ^r  sin.  2  2r      Rsin.^r      R  cos,  zsin.z  cos.^  w 

^    ~"    COS.  (p  ^  2  COS.*  ^  ~    COS.  (p    "  COS.*  ^ 

or 

(5)  v'  =        2      (COS.  <»  —  COS.  2f  COS.-*  tr). 
^  '                         ^        cos.^^  ^        ^  ' 

But  (p  =  w  +  z  and  cos.  ^  =  cos.  w  cos.  ^  —  sin.  w  sin.  2:, 

,        R  sin.  z  ^  .  .  2     . 

y'  =  o       (cos.  t(?  cos.  z  —  sm.  ir  sin.  z  —  cos.  z  cos.*  w). 

•  '  ^  cjs.*  <p   ^  ' 

Again,  sin.  w  =  tan.  tr  cos.  tc  and  sin.  2?  =  tan.  z  cos. ;? 

,      R  sin.  z  ^  ^  4    . 

,  y =-   -^  2 —  (COS.  1^  cos.  5:— tan.  w  cos.  ?r  tan.  z  cos.  2?— cos. ;?  cos/  ir), 

or, 

,^.  I     R  sin.  5r  COS.  z  cos.  tr  , .  ^  ^        x 

(6)  y*= 5 (1— COS.  tr— tan.  tc  tan.  2;); 

^   '  ^  COS.*  (p         '      ^  '^ 

;    but  1— COS.  t^  =ver8in.  tc;  hence 

_,  ,       Rsin.2?cos.  ;2rcos.  t^    ,        .  ^  .         v 

(7)  v'=    —      --^~2 —  (versm.  tr— tan.  tr  tan.  ;8?). 

^    '  ^  COS."*  (p  ^  ' 

Now,  in  the  first  factor  of  the  second  member  R  is  positive,  being  the 
range;  sin.  z  and  cos.  z  are  positive,  since  z^  the  angle^  of  elevation  as 
given  by  the  sights  on  the  piece,  is  always  positive,  and  as  w  can  never 
exceed  90°,  either  positive  or  negative — otherwise  a  barrel  of  the  piece 
would  be  on  the  under  side  (Fig.  4,  Plate  I)— cos.  w  is  always  positive. 
Again,  no  matter  what  cos.  (p  may  be,  its  square  is  positive.  Hence, 
the  first  factor  of  the  second  member  is  always  positive,  and  y'  depends 
for  its  sign  on  that  of  the  second  factor. 

]Now,  versin.  xo  is  always  positive,  w  never  exceeding  90°,  and  if  the 
point  aimed  at  be  below  the  horizontal,  that  is,  in  the  fourth  quadrant, 
tr  is  negative  'and  its  tangent  is  negative. 

But  tan.  z  is  positive,  hence  tan.  z  tan.  w  is  essentially  negative,  and 
.5   minus  tan.  z  tan.  vs  is  positive.    Hence  the  second  factor  is  positive, 
and  therefore  y'  is  positive,  that  is,  the  trajectory  always  passes  above 
the  point  aimed  at  when  that  point  is  helow  the  horizontal. 

If  the  point  aimed  at  be  above  the  horizontal,  tan.  z  tan.  tr  will  be 
,  positive  and  y'  may  be  positive,  negative,  or  zero,  according  as  1— cos.  to 

is  greater  than,  less  than,  or  equal  to,  tan.  z  tan.  w, 
7       To  ascertain  whether,  with  a  given  angle  of  elevation,  z^  there  is  any 
^  value  of  w  which  will  make  y  =  0,  that  is,  whether  there  is  any  point 
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above  the  horizontal  at  a  range,  R,  which  being  aimed  at  may  be  hit, 
the  sight  on  the  gun  remaining  unchanged,  place  1— cos.  tc  =  tan.  2; 
tan.  tr,  whence 


Kow 


hence, 


1  —COS.  w 

~rrz— 7,; —  =  tan.  z. 
tan.  w. 


1— tan.Hw?       _^  2  tan.  i  w? 

COS.  tr=-j^  j^^  ,^--^  and  tan.  w  =  ^_^J^^ ; 


^  '         1— tan.^Jw?  2tan.*itr 

1— COS.  ir=l T  ^ 


and 

2  tan.2  J  w 

_1  —  COS.  w   _   1+  tan.2 ^w\^  tau.  i  «^— tan.' ^w  _  ^^^  ^ 

tan.  ?r      ~  " " 2  tan.  ^w  1+  tan.^  J  tr 

i  —  tan.^^ii? 

For  convenience,  represent  tan.  ^  td  by  j?  and  t^n.  z  by  a,  and  we  shall 
have 

This,  being  a  numerical  equation  of  the  third  degree,  may  be  solved 
by  means  of  limits  giving  the  values  of  j:*  =  tan.  \  tc.  From  a  table  of 
tangents,  J  w  and  hence  w  may  be  found. 

For  example,  suppose  z^  the  angle  given  by  the  sights  for  a  range, 
B,  to  be  1^5  its  tangent,  or  a,  is  0.0174551,  and  the  equation  ar'  +  a  ^ 
— ar  +  a=  0  becomes  ^  +  .0174551  q^^x  +  .0174551  =  0.  Solving,  we 
find  the  values  of  a?  =  tan.  ^  t^  to  be 

0.0174657)  (      10   0'^2".19)  (       2©    O'    4".38 

0.982387  S  whence  J  t(?=  ^  44^  29'  27".4  }  and  «?=  \  880  58'  54^.86 
-1.0173078)  ^-450  29'  29".62  )  (  -90o  58'  59''.24 

The  last  value  of  «?,  being  negative  and  greater  than  90^,  must  neces- 
sarily be  reiected.  Hence,  in  this  particular  case  there  are  two  i>oints, 
one  20  0'  4''.38  and  the  other  8^0  58'  54".86  above  the  horizontal  and  at 
a  distance,  E,  from  the  firer,  which  may  be  hit,  the  sight  on  the  gun  being 
that  necessary  to  attain  a  range,  R,  on  the  level. 

If  the  point  be  above  the  horizontal  and  both  the  angles  w  and  z  be 
given,  we  may  readily  find  whether  the  trajectory  will  pass  above, 
through,  or  below  the  point  hy  substituting  their  values  in  the  second 
factor  of  the  second  member  of  the  equation, 

Rsin.^r^ 

For  instance,  if  2'  =  3^  and  w  =  10^,  q)  will  equal  13^,  and 

log.  COS.  q)  —  log.  cos.  z  —  2  log.  cos.  w  = 

log.  COS.  130  —  log.  cos.  30  —  2  log.  COS.  100  +  20  = 

9.9887237—9.9994044  - 19.9867030  +  20  =  .0026165. 

Hence  y'  is  positive,  and  the  trajectory  passes  above  t\\^  point  aimed  at, 
at  a  distance  equal  to  0.00032265  R,  as  may  be  found  from  the  above 
equation,  or  more  conveniently  from  equation  4. 
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To  show  that  it  is  not  always  the  ca«e  that  the  trajectory  passes  above 
the  point  aimed  at,  take  the  angles  z=15^  and  tc  =  15o.  whence  (p  =  30^^ 

log.  COS.  30O  —  log.  COS.  150  —  2  log.  cos.  15^  = 

log.  cos.  300  —  3  log.  cos.  150  = 

9.9375306  -  29.9548314  +  20=  -  0.0173008. 

Hence  y'  is  negative,  and  the  trajectory  passes  below  the  i)oint  aimed  at 
at  a  distance  equal  to  0.012146  R. 

In  order  to  apply  this  to  the  trajectory  in  air  it  is  necessary  .to  intro- 
duce the  multiplier  "B,''  Ordnance  and  Gunnery ^  page  413. 

Equation  4  then  becomes 

(8)  »'=r''"-"-^t^"';"'b. 

^  ^  ^  cos.  cp    2  v^  COS.'  (p 

B  depends  for  its  value  on  ^  and  -,  tables  being  given  from  which  it 

C  T 

may  readily  be  determined  when  these  quantities  are  known. 

X  represents  the  range,  V  the  initial  velocity ;  r,  a  constant,  is  1,427 
feet.  0  is  constant  for  any  particular  projectile  and  must  be  determined 
by  experiment.  For  example,  suppose  the  range  to  be  500  yards  or 
1,500  feet,  the  point  aimed  at  100  feet  above  the  horizontal,  the  arm  used 
the  Springfield  rifle,  the  elevation  of  which  for  500  yards  is  1^  11',  and 
the  initial  velocity  1,335  feet.    To  find  W  we  have  (see  figure), 

100  =  1,500  sin.  W, 
whence 

I  c  0     log.  100  -  log.  1 ,500+  10  =  log.  sin.  W, 

or 

8.8239087  =- log.  sin.  W. 
TIenc(^ 

\V=30  49'21".2,and  ^  =  5O0'21".2. 

C,  as  determined  by  Captain  Prince,  Ordnance  Notes,  No.  4,  is  1,943^ 
hence 

•^_i'500_  v_  1,335  _ 

c  - 1,943-  • "  -  ana  jj  _  j^.^y  _  MMo. 
From  Table  I,  page  510,  Ordnance  and  Gunnery,  we  find  B  to  be  1.6678. 
log.     ^^"'  ^=  log.  R  +  log.  sin.  z  —  log.  co3.  ^  = 

log.  1,500+  log.  suj.  (lo  11')  -  log.  COS.  (50  0'  21".2)  = 
3.1760913  +  8.3149.536  -  9.9983403  =  1.4927046, 

*      ^^^^"-^=31.095. 

COS.  if 

Log.  ^  ^'  ^^^\^^  B  =  log.  16.08  +  2  log.  R  +  2  log.  cos.  tr  +  log.  B_2 

log.  V_2  log.  cos  ^  =  1.2062860 +6.3521826 +  19.9980656  +  . 2221440 

-^  6.2509626  - 19.9966806  =  1.5310350, 
and 

^R'co8.='«.g^33  9g. 
2  \  2  COS.*  if 


and 
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Making  these  substitutions  in  equation  8,  we  have  y' ==31.095  —  33.965 
=  —2.87  feet,  or  the  projectile  strikes  2.87  feet  below  the  object* 

As  "B"  is  always  greater  than  unity — as  may  be  seen  by  an  inspec- 
tion of  Table  I,  Ordnance  and  Gunnery — it  follows  that  the  probability 
of  the  last  term  of  the  second  member  of  equation  8  exceeding  the  first 
increases  as  B  increases. 

In  fact,  the  resistance  of  the  air  by  retarding  the  projectile  increases 
the  interval  of  time  necessary  for  it  to  pass  over  the  distance  R,  and 
therefore? it  falls  farther  below  the  axis  of  the  bore  prolonged  tban  in- 
dicated by  the  equation  in  vacuo.  In  all  probability  this  is  sufficient 
to  cause  it  to  strike  below  the  point  aimed  at  in  all  cases  when  that 
point  is  above  the  horizontal,  though,  as  before  stated,  it  can  only  be 
determined  definitely,  in  any  partiQittlar  case,  by  application  of  the 
equation  last  referred  to. 

The  same  may  also  be  the  case  when  the  point  is  below  the  hori- 
zontal, since,  if  the  equation  8  be  operated  on  in  a  manner  similar  to 
that  employed  in  deriving  equation  6  from  equation  4,  there  will  resnlf 

y  =  E  ^'^2±^^i^^^: :^  (1  -  B  COS.  tc-  tan.  w  tan.  z). 

COS.*  <p  ^ 

The  point  being  below  the  the  horizontal  w  is  negative,  and  the  above 

becomes 

.     T>sin.  2?  COS.  5?  COS.  tc  ,^      x>  .  i.  4.««     \ 

w'  r=  R         ^  — (1  —  B  COS.  w  +  tan.  w  tan.  z). 

COS.*  <p 

If  the  resistance  of  the  air  be  very  great,  B  cos.  w  may  be  greater 
th.\n  the  sum  of  all  the  other  terms  in  the  last  factor  of  the  second 
member,  in  which  case  y'  will  be  negative  and  the  projectile  will  strike 
helow  the  object  aimed  at. 


J 
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Chief  of  Ordnance 1  Washington,  D.  C. 


LieutesaxtColonkls. 
1.  T.  G.  Baylor,  brevet  colonel . . 


2.  J.  M.  Whittemore 


3. 
4. 


1. 

2. 

3. 

4. 
5. 

6. 
7. 

8. 

9. 

10. 


A.  R.  Bnffington 

D.  W.  Flagler,  brevet 

Majors. 


A.  Mordecai,  brevet  lieuten- 
ant colonel. 

8.  C.  Lvford,  b^ev^t  lieuten- 
ant-colonel. 

F.  H.  Parker,  brevet 


J.  P.  Farley  . 
L.  S.  Babbitt 

W.  A.  Marye 
L  Arnold,  jr. 


C.Comly 

J.  R.  McGinness,  brevet 
G.  W.  McKee, brevet. . . 
CAPTAms. 


Commanding  the  Wat«rtown  Arsenal.  1 

Commanding  the  Benicia  Arsenal ' 

Commanding  the  Ordnance  Agency . . 


Commanding  the  New  York  Arsenal, 
and  president  of  the  Ordnance 
Bourn. 

On  duty  in  the  office  of  the  Chief  of 
Ordnance. 

Commanding  the  National  Armonr ., 

('ommanding  the  Rock  Island  Ar- 
senal. 


Commanding    the   Watervliet    Ar- 
senal. 
Commanding  the  Frankford  Arsenal. 

Commanding  the  Piccatinny  Powder 
Depot. 

Commanding  the  Kennebec  Arsenal 

Commanding  the  Fort  Monroe  Ar- 
seual. 

Commanding  the  Augusta  Arsenal .. 

Commanding  the  Indianapolis  At- 
senal. 

I  nst  mctor  of  Ordnance  and  Gunnery , 
United  States  Military  Academy. 

Commanding  the  Saint  Louis  Pow- 
der Drpol. 

Member  of  the  Ordnance  Board 


1. 
2. 
3. 
4. 


5. 
6. 


8. 


0. 
10. 
11. 
12. 
13. 

14. 
15. 

16. 

17. 


J.  H.  Rollins,  brevet 

F.  H.  Phipps,  brevet 

J.  W.  Reilly,  brevet 

J.  A.  Kress,  brevet  mf^or. 


O.  E.  Michaelis,  brevet 
C.  E.  Dutton 


J.  G.  Butler 
C.  Bryant . . 


A-L  Vamey. 
J.  C.  Clifford  . 
J.E.Greer  ... 
J.  Pitman  *. . . . 
C.Shaler 


H.Metcalfe  ... 
W.  S.  Starring 


C.  S.  Smith 
a  E.  Blunt 


On  sick  leave I 

Assiiitaut,  Rock  Island  Arsenal ' 

Commandins  the  Allegheny  Arsenal 
Commanding  the  Sun  Antonio  Ar-  | 
Hob'il,  and  Chief  Ordnance  Officer 
Department  of  Texas.  I 

Assistant,  Frankford  Arsenal 

On  duty  under  the  Interior  Depart- 
ment*. 

Assistant,  Watertown  Arsenal j 

Commanding   the    Vancouver   Bar-  I 
racks  Ordnance  Depot,  and  Chief 
Onlnance  Othccr  Department   of  . 
the  Columbia. 

Assistant,  Watervliet  Arsenal 

do j 

Assistant,  National  Armory      ' 

Assistant,  Wutertown  Arsenal  ] 

Member  of  the  Ordnance  Board | 

Assistant,  Benicia  Arsenal 

Assistant  to  the  Ordnance  Board  — 

Principal  Assistant  in  the  Ordnance 

Bureau. 
Chief  Ordnance  Officer,  Department 

ot  Dakota.  I 


Watertown,  Mass. 

Benicia,  Cal. 

Corner    of    Houston     and 

Greene  streets,  New  York. 

Post-office  box  1811. 

Governor's  Island,  New 
York  Harbor.  Post-office 
box  1449. 

Washington,  D.  C. 

Springfield,  Mass. 
Rock  Island,  111. 


West  Troy,  N.  Y. 

Philadelphia,  Pa. 

Dover,  N.  J. 

Augtista.  Me. 
Fort  Monroe,  Va. 

Augusta,  Ga. 
Indianapolis,  lud. 

West  Point,  N.  Y. 

Jefferson  Barracks,  Mo. 

Governor's  Island, New  York 
Harbor.  Post-office  box 
1449. 

Columbia,  Mo. 
Rock  Island.  111. 
Pittsburgh,  Pa. 
San  Antonio.  Tex. 


Philadelphia.  Pa. 

Geological  Survey,  Washing- 
ton, D.  C. 

Watertown,  Mass. 

Vancouver.      Washington 
Territory. 


West  Troy.  N.  Y. 

Do. 
Spiingfleld.  Mass. 
Watertown.  Mass. 
Post-office    box    1449,    New 

York  Citv.  . 
Benicia.  Ca1. 
Post-ottice   box     1449,  New 

York  Citv. 
Washington,  D.  C. 

Saint  Paul,  Minn. 
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Stations  and  duties  of  the  officers  of  the  Ordnance  Department  on  the  1st  of  October y  18^fe — 

Continued. 


Kank  and  name.  Duty.  Address. 


Captadcs— Continned. 

18.  F.  Heath Commanding    the    Cheyenm*    Ord-  Cheyenne,  Wyo. 

nance  Depot. 

19.  D.  M.  Taylor,  A.  D.  C Chief  Ordnance  Officer,  Department  Fort  Leavenworth,  Eana. 

of  the  Missouri,  and  commanding; 
the  Fort  Leavenworth  Ordnance 
Depot. 

20.  D.  A.  Lyle On  foundry  duty,  and  member  of  the  South  Boston  Foundry,  Bo«- 

Board  on  Life-saving  Apparatus,  ton,  Mass. 

&c.,  under  the  Secretary  of  the 

Treasury. 

First  Likutekasts. 

1.  J.Rockwell, jr Commanding  the  Foil  A  braliam  Lin-  Fort  Abraham  Lincoln,  Dak. 

coin  Ordnance  Depot. 

2.  J.  C.  Ayres Assi«tant,  National  Armory Springfield,  Mass. 

3.  M.  W.JLyon Assistant,  Frankford  Arsenal Philadelphia,  Pa. 

4.  C.W.  Whipple On  foundry  duty .* West  Point  Foundry,   Cold 

Spring,  N.  Y. 

6.  A.  H.  Rassell Commanding  Fort  Lowell  Ordnance  Tucson,  Ariz. 

Depot. 

6.  Il.Bimie,jr Assistant,  on  foundry  dutv West  Point  Foondry,  Cold 

Spring,  N.  Y. 

7.  L  MacNutt Chief  Ordnance  Officer,  Department  Newport,  Ky. 

of  the  South. 

8.  C.C.Morrison Assistant. National  Armory Springfield,  Mass. 

9.  F.Baker Assistant,  Benicia  Arsenal Ifenicia,  Cal. 

10.  O.  B.  Mitcham Assistant,  Rock  Island  Arsenal Rock  Island,  111. 

11.  H.  D.  Borup Assistant,  on  foundry  duty    South  Boston  Foundry,  Bos- 

ton, Mass. 

12.  L.L.Bmff' Assistant,  Rock  Island  Arsenal Rock  Island,  III. 

13.  C.  H.  Clark Acting  Assistant  Instructor  of  Ord  West  Point,  N.  Y. 

nance  and  Gunnery. 

14.  W.  M.  Medoalfe Acting  Assistant  Professor  of  Mathe-  Do.* 

matics. 

15.  William  Crozier do Do. 

16.  W.  B.  Gordon Assistant,  Frankford  Arsenal Philadelphia,  Pa. 

Obdxance  Storekekpebs. 

W.  Adams,  captain ,  On  duty,  Fort  Monroe  Arsenal Fort  Monroe,  Va. 

A.  S.  M.  Morgan,  captain On  duty,  Allegheny  Arsenal Pittsburgh.  Pa. 

W.  H.  Rexford,  captain On  dnty,  Indianapolis  Arsenal Indianapolis,  Ind. 

D.  J.  Young,  captain On  duty,  Wat«rvliet  Arsenal West  Troy,  N.  Y. 

M.  J.  Grealish.  captain On  duty,  Augusta  Arsenal Augusta,  Ga. 

V. McNally,  captain On  duty, Omnance Office. Washington,  D.  C. 


Appendix    3  3. 

PROOF  OF  11-INCH  BREECH-LOADING  CHAMBERED  RIFLE  NO.  1. 

BY   CAPT.    CHARLES  8.   SMITH,   ORDNANCE  DEPARTMENT. 

U.  S.  Ordnance  Proving  Ground, 

Sandy  HooJc,  N,  J.,  September  24,  1881. 

General:  I  have  the  honor  to  transmit  herewith  record  of  proof  of 
11-inch  B.  L.  chambered  rifle  No.  1,  with  record  of  star  gauging.  The 
record  shows  the  development  of  certain  defects  in  the  chamber — com- 
mencing with  the  first  round  and  increasing  somewhat  in  gravity  as 
the  firing  progressed — ^in  the  solid  forged  ring,  forming  the  gas-check 
seat  along  the  weld,  uniting  it  to  the  coiled  tube.  These  defects  seem 
to  indicate  either  that  the  metal  in  the  ring  is  of  a  more  compressible 
nature  than  that  in  the  coiled  tube,  or  that  a  perfect  weld  has  not  been 
fully  secured,  which,  from  the  form  of  the  welding  surfaces,  is  not  an 
impossibility.  The  necessary  compression  to  make  a  perfect  butt-weld 
would  have  a  tendency  to  cause  a  separation  in  the  lap-weld,  and  thus 
leave  a  s^iace  or  pocket,  as  in  sketch  (see  a),  to  be  afterwards  filled  by 


the  crowding  in  of  the  metal  in  firing.  The  difficulty  finally  experienced 
in  closing  and  opening  the  breech  was  chiefly  due,  it  is  thought,  to  the 
slight  protusion  of  the  gas-check  seat  in  rear.  If  the  latter  has  now 
attained  a  solid  bearing,  the  breech-block  can  be  readily  adjusted  thereto, 
and  further  difficulty  from  this  source  should  not  be  apprehended. 

The  defects  in  the  chamber  are  not  considered  serious  as  yet,  and, 
provided  they  do  not  uadergo  material  enlargement  hereafter  in  firing, 
should  not  impair  the  serviceableness  of  the  gun,  other  than  that  the 
rupture  of  the.  continuity  of  the  surface  greatly  facilitates  the  progress  of 
erosion.  The  abrupt  shoulder  now  formed  along  the  line  of  separation 
at  the  weld  can  probably  be  removed  by  grinding  down,  and  the  even- 
ness of  the  surface  of  the  chamber  thus  be  restored.  If  deemed  de- 
sirable, possibly  a  narrow  copper  ring  could  be  let  in  to  an  under-cut 
in  the  surface  of  the  chamber,  and  thus  protect  the  joint  at  the  weld. 

The  results  of  the  further  trial  of  this  gun,  so  far  as  they  relate  to 
the  test  of  the  mode  of  constructing  the  bottom  of  the  tube,  will  be  of 
special  importance,  in  view  of  their  bearing  on  similar  constructions — 
the  tubes  for  the  11-inch  and  12  inchB.  L.  rifles — now  undergoing  fabri- 
cation. I  have  the  honor  to  await  your  further  instructions. 
Very  respectfully,  your  obedient  servant, 

CHAS.  S.  SMITH, 
Assistant  to  the  Constructor  of  Ordnance. 

Chief  op  Ordnance,  U.  S.  A., 

Wa^sliingtony  D.  0. 
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[First  indorsemeut.] 

Ordnance  Oppicfe,  War  Department, 

Washington,  September  26^  1881, 

Respectfully  retin;ped  to  the  Constructor  of  Ordnance,  who  will,  after 
proof,  turu  over  this  gun  to  the  Ordnance  Board  with  this  report. 

S.  V.  BENfiT, 
Brigadier- Oeneral,  Chief  of  Ordnance, 

[Second  indorsemeut.] 

United  States  Ordnance  Agency, 

146  Greene  Street, 
New  York,  September  27,  1881. 

Respectfully  referred  to  the  Ordnance  Board,  U.  S.  A.,  for  its   in- 
formation. 

CHAS.  S.  SMITH, 
Captain  of  Ordnance,  Assistant  to  Constructor  of  Ordnance. 

[Third  indorsement.] 

Ordnance  Board,  U..  S.  A., 

New  York,  November  1,  1881. 

Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 
The  11-inch  B.  L.  rifle  referred  to  within  was  turned  over  to  the  Board 
on  the  27th  of  September.    On  the  21st  and  22d  of  October  this  gun 
was  fired  by  the  Board,  and  at  the  10th  round,  18th  round  in  all^  the 
piece  burst.    A  report  of  this  firing  will  be  made  hereafter. 
For  the  Board. 

T.  G.  BAYLOR, 
Lieutenant' Colonel  of  Ordnance,  Senior  Member  Present. 
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Star-gauging  of  lUinch  breeoh-loading  chambered  rifle  No,  1. 


130^. 

130.. 

129.. 

128  . 

127.. 

126.. 

125  . 

124.. 

123.. 

122.. 

121.. 

120. 

119.. 

118.. 

117.. 

116. 

115  . 

114.. 

113., 

112.. 

111.. 

110.. 

109.. 

108.. 

107.. 

106  . 

105.. 

104.. 

103.. 

102.. 

101. 

100.. 

90.. 

98.. 

97.. 

96., 

95.. 

94.. 

93.. 

92.. 

91.. 

90.. 


88. 
87. 
86. 


Inches. 
11.004 
11.006 
11.005 
1L005 
11.005 
11.005 
11.005 
11.005 
11.00^ 
11.005 
11. 005 
11.005 
11.005 
11.005 
11.005 
11.004 
11.004 
11.004 
11.003 
11.003 
11.003 
11.003 
11.003 
11. 003 
11.004 
11.004 
11.004 
11.005 
1L005 
11.005 
11.005 
11.005 
11.006 
11.000 
10.999 
10.995 
10.995 
10.997 
11.000 
11.000 
ILOOl 
11.003 
11.003 
1L004 
1L004 
11.005 


00 

u 

I 
I 


a 
a 

s 


Inches. 
11. 052 
11.037 
11.033 
11. 03L 
11.029 
11.028 
11.025 
11.023 
11.023 
11.023 
11.  021 
11.  019 
11. 018 
11.017 
11.017 
11.017 
11.017 
11.017 
11. 016 
11.015 
11. 015 
11.015 
11.015 
11.  016 
11.015 
11.015 
11.015 
11.015 
11.015 
11.015 

11. 015 

11. 016 
11.018 
11. 012 
11.  Oil 
1L014 
1L015 

11. 017 
11.022 
11.024 
11.026 
11.028 
11.029 
11.080 
11.030 
1L031 


u 

I 
a 


Inches. 
0  048 
.031 
.028 
.026 
.024 
.023 
.020 
.018 
.018 

•  .018 
.016 
.014 
.013 
.012 
.012 
.013 
.013 
.013 
.013 
.012 
.012 
.012 
.012 
.012 
.tfU 
.011 
.011 
.010 
.010 
010 
.010 
.010 
.010 
.012 
.012 
.019 
.020 
.020 
.022 
.024 
.025 
.025 
.026 
.026 
.026 
.026 


•a 

3 
a 

s 
I 


.14 

O 


85 
84 
83 
82 
81 
80 
78 
76 
74 
72 
70 
68 
66 
64 
62 
60 
58 
56 
54 
52 
50 
48 
46 
44 
42 
40 
38 
36 
34 
32 
30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
1 


u 

'I 


Inches. 
1L005 
11.005 
11.005 
11.005 
11.005 
1I.(X)5 
11.006 
11.005 
11.005 
11.005 
ll.OOt 
1L004 
11.004 
11.005 
11.005 
1L005 
11.005 
11.005 
11.004 
11.004 
11.004 
11.003 
1L003 
1L003 
11.003 
1L002 
11.002 
11.001 
11.001 
ILOOO 
11.000 
11.000 
11.000 
11.000 
ILOOO 
ILOOl 
11.002 
11.008 
11.002 
11.002 
11.002 
11.002 
11.002 
11.001 
11.001 
ILOOl 


00 


^4 
s 


Inchss. 
1L030 
11.030 
1L030 
1L030 
1L030 
1L029 
1L028 
1L027 
1L026 
1L025 
1L023 
11. 020 
1L022 
IL  021 
1L020 
IL  019 
11.018 
1L019 
1L020 
11.  010 
1L018 
1L018 
IL  018 
11. 015 
1L014 
IL  010 
1L009 
1L008 
1L007 
1L006 
1L005 
1L005 
1L005 
1L006 
1L005 
1L005 
1L005 
1L005 
1L006 
1L005 
1L005 
1L005 
1LO04 
1L008 
1L004 
1L004 


Inchss. 
0.025 
.025 
.025 
.025 
.025 
.024 
.023 
.022 
.021 
.020 
.019 
.016 
.018 
.016 
.015 
.014 
.013 
.014 
.016 
.015 
.014 
.015 
.OH 
.012 
.011 
.008 
.007 
.007 
.006 
.006 
.006 
.005 
.005 
.005 
.005 
.004 
.003 
.002 
.008 
.003 
.003 
.003 
.002 
.002 
.003 
.003 
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Record  of  firing  with  li-indi  breech-loading  chambered  riJU  A*.  I 


Sept.  24,  1881. 


«M      Time. 

O     I 

a 

a   I 


A.  M. — Barometer, 
30.104;  thermome- 
ter, 77;  relative 
hum  idity,  79; 
wind,  4  miles  an 
hour. 


P.  M. — Barometer, 
30.041 ;  thermome- 
ter, 85;     relative  . 
humidity,  ei;") 
wind,  13  miles  an 
hour. 


'     1881. 
1     Sept.  24 


Powdef. 

- 

1 
^           Projectile. 

- 

i 

Kind. 

Weight,  pounds. 

1 

i                Kind. 

s 

9 

> 

Du  Pont's  hexagonal 
F.P.D.No.ll.  Den- 
sity, 1.785;  granula- 
tion, 67. 

115 

Hotchkiss  shotf  1  cop- 
per band;  bronsnt 
up  to  weight  by  fill- 
ing cavity  with  from 
7  to  9  pounds  of  sand. 

550 

• 

2     Sept  24 


3    Sept  24 


4  Sept  24 

5  Sept  24 


do 


.do 


115  .....do 550    — ' 


120    ....do 


do 
.do 


6    Sept  24    Dn  Pout's  hexagonal 
I.  O.  A.  No.  2.    Den- 
i      sity,  1.785 ;  granula- 
I      tion,  67. 


7    Sept  24  do 


8  Sept  24  .  Du  Pontes  hexagonal 
F.  P.  D.  No.  11.  Den- 
sity, 1.785;  granula- 
tion, 67. 

J 


125 
130 


..  do 
.  do 


550 


550 


-U 


120  '...do 550     — U 


120 
130 


...do 
...do 


550     -li 

550    -l4 
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at  Sandy  Hook,  X,  J.,  September  24,  1881. 


i 


ft 

5 


Special  remarks  about  paoh  fli'e,  each  as  eflect  on  piece,  sound  of 
projectile  in  flight,  scattering  of  fragment*,  &c. 


O 


Feet    Feet. 
28, 000     1, 345     6. 67 


Feet.  Itiekes.] 
.33       .015 


28, 000     1, 350     5. 67 


27, 500     1, 386     5.  75 


29,500  I  1,3894   5.75 
30,000     1  i37     5.75 


33 


015 


33 


015 


.33 
.33 


040 
040 


49,500     1,442     5.42       .33       .015 


43,500     1,451     5.25       .  33  ,     .040 


35,000     1,434     5.17 


33 


015 


.a 

a 

9 


•« 

& 


'  Round  1.  Breech  opened  easily  after  firing.  Slight  escape  of 
gas  across  rear  face  of  gas  check.  A  separation  was  observed 
along  the  weld  uniting  the  solid  forged  ring,  for  seat  of  gas 
check,  with  the  coiled  tube,  4.75  inches  in  length  and  .05 
inch  deep  in  the  middle,  and  gradually  growing  less  to- 
wards each  end,  apparently  due  to  the  condensation  of  the 
softer  metal  of  the  ling  and  to  Imperfect  welding  at  that 
point.  There  was  no  separation  in  a  longitudinal  direction. 
The  potiition  of  this  separation  is  on  the  right  lower  half 
of  the  bore  and  4.5  inches  from  the  bottom.  On  the  lower 
left  side,  alHO,  was  a  slight  depression  appaient  to  the  eye 
but  not  sensible  to  the  touch. 

Round  2.  Breech  opened  easily.  Slight  escape  of  gas  across 
rear  face  of  gas  check.  The  observed  sepaiation  had  ex- 
teuded  in  length  to -5.5  inches,  and  in  depth  to  0.11  inoh. 
The  observed  depression  on  the  other  side  was  slightly 
increased  ho  as  to  become  sensible  to  the  touch. 

Round  3.  Breech  opened  eustly.  About  same  escape  of  gas 
as  before.  Depth  of  separation  increased  to  about  .013 
inch.  DepreHsiun  a  little  more  sensible.  In  loading,  the 
projectile  entered  ritied  port.ou  of  bore  .05  inch  farther 
than  in  previous  rounds. 

Roundfe  4  and  5.  Breech  opened  easily.  Escape  of  gas  abont 
the  sane  as  before.  No  apparent  increase  in  dther  the 
separation  or  the  depression. 

Round  6.  Breech  opeued  hard.  Some  escape  of  gas  across 
rear  face  of  gas  check.  No  marked  change  in  appearance 
of  chamber,  unless  a  gradual  exteushm  of  the  process  of 
condensation  or  letting  out  in  the  ring.  Gas-cheok  seat 
had  become  pr*  jected  beyond  the  cast-iron  casing  at  the 
side  about  .01  inch. 

Round  7.  Breech  close<l  and  opened  hard.  Some  enlargements 
of  defects  noticed  in  chamber.  No  further  extension  of  gas- 
check  seat  to  rear. 

Round  8.  Breech  closed  and  opened  hard.  Length  of  sepa- 
ration increased  to  6  inches;  depth,  0.17  inch;  with  slight 
erosion  at  lower  extremitv.  Condensation  or  letting  out 
metal  in  forged  iron  ring  bad  extended  completely  aronnd 
the  bore  along  the  weld,  forming  quite  a  sensible  depression. 
For  further  particulars  see  stu'-ganging  report  made  after 
this  round. 
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Star-gauging  of  chamber  of  ll-tnc^  hreeck-loading  chambered  rifle  2io,  1. 
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Appendix  34. 

REPORT  ON  THE  11-INCH  BREECH-LOADING  CHAMBERED  RIFLE  NO.  1. 

(2  plates.) 

The  Ordnance  Board,  United  States  Army, 

New  Yoi'lc  City,  January  16, 1882. 

Sir:  I  Lave  the  honor  to  transmit  herewith  report  of  the  Ordnance 
Board  on  the  11-inch  breech-loading  chambered  rifle. 
Very  respectfully,  your  obedient  servant, 

T.  G.  BAYLOR, 
Lieutenant' Colmiel  of  OrdnancCy 

President  of  the  Board. 
Chief  of  Ordnance,  U.  S.  A., 

Washington,  D.  G. 

The  Board  assumes  that  a  description  of  this  gun  has  already  been 
presented  to  you  by  the  Constructor  of  Ordnance,  and  also  its  record 
of  eight  proof  rounds. 

It  was  turned  over  to  the  Board  by  your  direction  for  further  trial, 
and  100  rounds  of  service  charges  were  fixed  upon  as  the  test. 

The  trial  commenced  on  October  21, 1881,  with  130  pounds  of  pow- 
der, F.  P.  D.  No.  11,  density  1.785 ;  granulation  67,  and  Hotchkiss  project- 
iles weighing  548  pounds.  After  the  16th  round  the  recorded  pressures 
and  velocities  were  deemed  too  low  for  the  work  required  of  a  gun  of 
this  caliber,  and  the  Board  concluded  to  change  the  quality  of  the  pow- 
der and  use  one  which  it  was  known  from  previous  experiments  could 
produce  a  higher  pressure  and  velocity.  After  the  second  round  with 
this  new  powder — I.O.  A.  No.  1,  density  1.785,  granulation  67 — the  gun 
burst,  the  fracture  indicating  longitudinal  weakness,  as  the  rupture  was 
nearly  in  a  plane  perpendicular  to  the  axis  of  the  bore  and  passing 
through  the  plane  of  the  front  end  of  the  slot  in  breech-receiver.  (The 
line  of  fracture  is  shown  in  Plate  II.) 

The  opinions  of  experts  as  to  the  quality  of  the  steel  of  the  breech- 
receiver  are  also  inclosed,  marked  B,  C,  and  D.  A  copy  of  the  record  of 
firing  is  also  inclosed. 

The  Board  is  informed  that  mechanical  tests  were  made  of  the  steel 
in  this  gun  both  before  and  after  the  firing,  and  that  these  tests  show 
a  low  quality  of  steel.  The  record  of  these  tests  is  in  the  possession 
of  the  Assistant  to  Constructor  of  Ordnance,  and  it  is  suggested  that 
a  copy  be  filed  with  these  papers. 

The  early  rupture  of  this  gun,  where  the  pressures  bad  not  been  ex- 
cessive, in  connection  with  the  unanimous  opinion  of  the  experts,  to- 
gether with  the  record  of  the  mechanical  tests,  indicates  an  inferior 
quality  of  steel  in  the  breech-receiver. 
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Target  record  of  firing  with  ll'tnch  breech-loading  ri^^  Sq.  t, 
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chambered  at  Sandy  Hook,  N,  J.,  October  21  and  October  *22,  1861. 
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Special  remarks  about  each  fire,  snch  as  effect  on 
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'Closed  and  opened  easily.     Slight  escape  of 
gas  around  outside  of  check. 


Closed  easily  and  opened  hard.    Slight  escape 

of  gas  around  outside  of  check. 
Clos^  easily  and  opened  hard.    Slight  escape 

of  gas  around  outside  of  cbeok. 
Clos^  easily,  opened  easily.    Gas  escaped  on 

right  side  from  top  to  bottom. 
Closed  easily,  opened  easily.    Gas  escaped  on 

right  side  htim  top  to  bottom. 
Closed  hard,  opened  hard  at  start.    Slight  es- 
cape of  gas  on  right  side  of  check. 
Closed  hard,  opened  easily. 

gas  on  right  side  of  chi-ck. 
Closed  hard,  opened  easily. 

gas  on  right  Hide  of  check. 
Closed  antl  opene<I  easily. 

gas  on  right  side  of  check. 


Slight  escape  of 

Slight  escape  of 

Slight  escape  of 


Closed  easily.  Breech  block  and  receiver 
parted  from  gun,  first  tearing  out  comer  of 
oarrieade  erected  in  rear  of  gun.  then  strik- 
ing  j^ound  78  feet  from  gnn,  and  then  plank 
road  127  feet;  coming  to  rest  at  137  feet  on 
ground.  One  piece. of  gas  check  found  75 
yards  in  rear  and  600  yards  to  right  of  gun. 
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B. 

Hartford,  November  16, 1931. 

Dear  Sir  :  In  answer  to  your  request  for  a  test  of  the  fiacture-siirfaces  of  tJM 
8-inch  and  11-inch  rifles,  burst  in  proving  at  Sandy  Hook,  I  have  the  honor  to  state  tht; 
I  have  carefully  made  a  practical  test  of  the  surfaces  exposed  by  the  fracture  for  hon^ 
geneousness  of  the  same.  I  have  had  considerable  experience  in  judging  large  bodia 
of  steel,  since  I  served  my  practical  apprenticeship  in  the  cast-steel  works  of  Fr. 
Krupp,  Essen,  and  for  many  years  since,  when  opportunity  served.  By  mere  ob- 
servation of  the  fracture  I  concluded  that  the  steel  is  soft  but  rather  '' short,'' tbe 
b-inch  more  so  than  the  11-inch.  I  now  proceeded  to  the  test  of  hardness,  compaiini 
many  points  of  the  fracture-surface  with  each  other.  I  used  one  instrunient  mad»  m 
the  best  English  tool-steel  procurable,  had  it  drawn  out  to  a  fine  edge  and  carefnllj 
annealed  to  make  it  as  soft  as  possible ;  the  second  tool  made  of  the  same  steel  wu 
ground  to  a  fine  knife-edge,  and  after  hardening  was  drawn  to  a  temper  of  dark  blue, 
corresponding  to  a  t'Cmperature  of  about  570^.  On  trial  I  found,  as  anticipated,  the 
greater  part  of  the  fr^icture  in  both  guns  softer  than  my  annealed  tool,  ana  therefore 
was  able  with  above  two  tools  to  make  the  test.  I  commenced  with  the  clinch  gnu 
Calling  the  degr^  of  hardness  of  the  greater  part  of  the  exposed  surface  0  (zero),  my 
annealed  tool  one,  the  dark-blue  tempered  tool  two,  I  applied  the  tools  to  a  ^reat  num- 
ber of  spots  on  the  surface,  with  below  result.  Inclosed  von  will  find  a  sketch  (Plato 
I)  showing  the  result  of  the  test  as  near  as  possible  on  small  scale.  On  testing  the  took 
themselves  the  dark  blue  one  easily  cut  and  scratched  the  annealed  tool.  On  tb 
fracture  of  the  d-incb  gun  I  found  the  upper  or  top  part  very  uniform  in  hardness  d 
with  exception  of  the  edges  surrounding  the  bore ;  here  it  was  from  1  to  1^  hard ;  bat 
this  was  evidently  due  to  compression  of  the  atoms  in  consequence  of  the  mechanical 
action  of  the  boring  tool,  as  the  same  slight  degree  of  greater  hardness  showed  aloii| 
the  edges  of  the  seat  of  breech-block.  In  the  lower  part  of  the  surface,  where  a  por- 
tion had  be^in  cut  out  by  drilling,  I  found  the  greater  part  like  the  upper  of  0  hitfd- 
ness;  but  I  hero  discovered  a  number  of  seams  where  the  annealed  tool  (1)  could 
make  no  impression,  and  where  even  the  dark-blue  tool  (2)  would  not  cut,  showing 
the  steel  to  be  in  fine  seams  much  harder  than  in  any  other  part.  These  hard  places 
are  marked  (3)  in  the  diagram.  While  I  could  not  discover  in  the  surface  of  tt^ 
upper  part  any  seams  like  these  in  the  lower  surface,  I  found  that  slightly  in  the  rear 
or  the  fracture,  where  some  parts  had  been  cut  out  of  the  top  by  drilling,  there  werf 
plain  iudications  of  similar  seams,  as  the  cut  by  the  drill  plainly  showed ;  being  is 
some  of  the  drill-holes  smooth  from  top  to  botton,  in  others  showing  plainly  wher* 
the  drill  had  struck  these  hard  seams.  Summing  up  the  above,  I  find  the  steel » 
shown  in  the  fracture  ot  the  8-inch  gun  of  a  very  soft  kihd,  with  parts  showing  verv 
little  variation  of  hardness;  but  with  the  very  serious  defect  of  seams  with  a  macb 
higher  grade  of  hardness  running  through  the  softer  parts.  Using  the  same  instro- 
ments  as  before,  representing  0  grade  of  nardness  below  the  anneal^  tool  (1),  the  An- 
nealed tool,  and  (2)  the  dark-blue  tempered  tool,  I  now  tested  .the  11-inch  gun.  Ai 
shown  in  the  diagram,  the  greater  pqrt  of  the  fracture-surface  shows  a  degree  of  hard- 
ness below  the  annealed  tool,  the  slightly  harder  parts  along  the  edges  of  finisbe^ 
parts  are  as  in  the  8-inch  gun.  But  in  homogeneousness  this  steel  is  superior  to  tii« 
other,  as  it  has  no  seams,  and  with  exception  of  (2)  small  spots  where  the  hardnetf 
rises  to  (2),  shows  very  evenly  throughout  the  fracture,  no  part  rising  beyond  (2\ 
4.  €,f  no  part  was  harder  than  the  dark-blue  tool,  which  in  certain  seams  would  ooi 
touch  the  8-inch  gun.  I  therefore  do  not  hesitate  to  state  that  the  steel  of  the  11* 
inch  gun  is  superior  to  that  of  the  8-inch,  according  to  the  evenness  of  hardness  >b 
shown  by  the  surfaces  of  the  fracture. 

In  conclnding  this  report,  I  have  the  honor  to  call  your  attention  to  the  fact  th»t 
specimens  cut  u'om  the  8-inch  gun,  so  that  the  hard  seams  indicated  are  at  right  an- 
gles to  the  longitudinal  axis  of  the  specimen,  should  show  a  decided  difference  in  ihf 
testing-machine  from  such  containing  no  such  hard  seam. 
I  am,  very  respectfully,  yours, 

C.  J.  EHBETa 

Captain  Starring,  U.  S.  A. 

C. 

Newark,  N.  J.,  January  9,  1882. 

Dear  Sir  :  I  found  the  gun  to  which  you  called  imr  attention  at  Sandy  Hook  to  be 
madt^  of  steel  unusually  weak.  The  pieces  broke  off  under  blows  of  the  sledge  wit^ 
surprising  ease.  In  order  to  ascertain  most  positively  the  cause  of  this,  I  have  h»^ 
samples  of  the  pieces  broken  off  carefully  analyzed,  and  find  as  follows : 

Phosphorus,  .095;  sulphur,  .247;  silica,  .179;  carbon,  .427. 

ThiH  analysis  indicates  the  use  of  poor  material  in  the  manufacture  of  the  steel. 
and  largely  accounts  for  its  weakness.     It  is  my  opinion,  however,  that  the  grrat 
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-want  of  strength  is  not  wholly  dne  to  the  poorness  of  the  material,  bnt  in  part  to  the 
steel  having  been,  I  believe,  made  too  hot  in  the  forging. 
Verv  truly,  yours, 

J.  ILLINGWORTH. 
W.  8.  Starring,  Captain  of  Ordnance, 

D. 

Jersey  City,  N.  J.,  January  7,  1882. 

Dear  Sir:  The  delay  in  my  giving  a  report  on  11-inch  rifle  was  owing  to  my  wait- 
ing for  iin  analysis  of  the  steel,  out  1  will  give  an  opinion  without  the  analysis.  The 
steel  showed  great  weakness  in  breaking  pieces  off  the  gun  with  a  sledge,  and  this 
weakness  comes  from  imparities  in  the  iron  from  which  the  steel  was  made.  The 
two  pieces  I  brought  with  me  I  had  rolled  to  about  J-inch  thick  and  tried  to  bend  the 
pieces  cold,  bnt  they  both  broke  before  coming  together,  showing  that  the  steel  has 
very  little  duetilit^^  and  ductility,  I  think,  is  absolutely  necessary  in  steel  for  a  gun. 
Steel  may  have  high  tensile  strength  and  low  ductile  strength,  and  this  seems  to  be 
the  nature  of  this  gun,  aud,  in  my  opinion,  is  not  the  quality  of  steel  to  make  a  ffood 
strong  gun  from.  Steel  for  this  purpose  ought  to  be  free  from  all  impurities,  sucn  as 
phosphorus,  sulphur,  and  silica. 
Yours,  truly,  ♦ 

A.  W.  BLACK. 

Capt.  W.'  S.  Starring,  New  York. 


PLATE  I. 


Appendix  35. 

BEPORT  ON  THE  STEEL  PARTS  OF  1 1  -INCH  BREECH-LOADING  CHAMBERED 

RIFLE  No.  1. 

One  Plate. 

The  Ordnance  Board,  United  States  Army, 

New  York  Arsenal, 
Oovernor^s  Island,  X.  T.  H.,  March  30,  1882. 

Sir  :  I  have  the  honor  to  forward  physical  tests,  showing  the  exten- 
sion, restoration,  and  permanent  set  of  twelve  steel  specimens  cat  from 
the  ruptured  breech  receiver  of  11-inch  breech-loading  rifle  No.  1,  cham- 
bered. The  nature  of  the  specimens,  as  shown  in  the  accompanying 
drawing,  is  as  follows : 

Nos.  1  and  7,  tangential  from  interior. 

Nos.  2  and  8,  tangential  from  exterior. 

Nos.  3  and  4,  radial  from  near  ruptured  surface.     ' 

Nos.  11  and  12,  radial  from  interior. 

Nos.  9  and  10,  longitudinal  from  exterior. 

Nos.  6  and  6^  longitudinal  from  interior. 

These  tests  are  in  addition  to  others  previously  made  and  forwarded 
with  report  of  the  Board,  of  January  16,  1882. 

For  the  Board: 

Very  respectfully,  your  obedient  servant, 

T.  G.  BAYLOR, 
Lieut.  Colonel  of  Ordnance,  President  of  the  Board. 

Chief  of  Ordnance,  U.  8.  A., 

Washington,  D,  0. 


T^hle  Bhowing  the  extensioHy  restoraHonj  and  permanent  set  caused  by  the  undermentioned 
weights  per  square  inch  of  area  acting  upon  a  solid  cylinder  of  FirtVs  steel  3  inches  long 
and  .563  inch  in  diameter ^  taken  from  breech  receiver  qf  lUinch  chambered  breech-loading 
rifle  No.  1  (after  rupture), 
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Table  shoufing  the  extension,  restoration,  and  permanent  set,  ^c. — Continaed. 

SPECIMEN  MARKED  1— Continaed. 


SI 

•g 

t^ 

«§ 

i-9 

3^ 

io 

i'E 

a 

i^ 

a  . 

f*5 

gJ 

hi 

SI 

|- 

H 

^1 

•a  ^ 

hi 

u  o  fl 

p  «^ 

u 

IS 

nocessive  re« 
tion  per  incl 
length. 

§1-9 

H 

?» 

« 

cc 

A< 

OS 

Pounds. 

Inch. 

Inch. 

Inch, 

Inch. 

Inch. 

Inch, 

9,000 

.000333 

.000000 

.000333 

.000000 

.000000 

.OOOOM 

10.000 

.000333 

.000000 

.000333 

.000000 

.000000 

.  OOOOM 

11,000 

.000333 

.000000 

.000333 

.000000 

.000000 

.000000 

12,000 

.000333 

.000000 

.000333 

.000000 

.000000 

.000000 

13,000 

.000667 

.000334 

.000667 

.000334 

.000006 

.000000 

14,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

15,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

16,000 

.000667 

.000000 

.000667 

.000000, 

.000000 

.000000 

17,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.0000<t» 

18,000 

.000667 

.000000 

.000667 

.000000  * 

.000000 

.000000 

19,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

20,000 

.001333 

.000666 

.000333 

—.000334 

.001000 

.001600 

21,000 

.001667 

.000334 

.000667 

+.000334 

.001000 

.000000 

22,000 

.002333 

.000666 

.001333 

.000666 

.001000 

.000000 

23,000 

.003000 

.000667 

.001667 

.000334 

.001333 

.00033^* 

•  24.000 

.003667 

.000667 

.002667 

.001000 

.001000 

—.000333 

25,000 

.  .004667 

.001000 

.003667 

.001000 

.001000 

.000000 

26,900 

.005333 

.000666 

.004333 

.000667 

.001000 

.000000 

27,000 

.006333 

.001000 

.005000 

.000667 

.001333 

.000333 

28,000 

.007000 

.000667 

.006000 

.001000 

.001000 

—.000333 

29,000 

.008000 

.001000 

.006667 

.006667 

.001333 

.00(1333 

30,000 

.009000 

.001000 

.007667 

.001000 

.001333 

.000000 

31,000 

.010333 

.001333 

.009000 

0. 001333 

0.001333 

0.000000 

32,000 

.011333 

.001000 

.009667 

.000667 

.001666 

.000333 

33,000 

.013000 

.002000 

.011333 

.001667 

.001667 

.OOOOOl 

34,000 

.014333 

.  001333 

.012667 

.001334 

.001666 

.000001 

35.000 

. 015333 

.001000 

.013666 

.001000 

.001666 

.000009 

36,000 

.016333 

.001000 

.015000 

.001334 

.001333 

.000333 

37,000 

.017333 

.001000 

.015666 

.000666 

.001666 

.000333 

38,000 

.018667 

.  001334 

.017000 

.001334 

.001667 

—.000001 

39,000 

.022000 

.003333 

.020333 

.003333 

.001667 

.000000 

40,000 

.023667 

.001667 

.021666 

.001333 

.002001 

.000334 

41.000 

.025333 

.001666 

.023000 

.  001334 

.002333 

.000933 

42,000 

.026333 

.  001000 

.024333 

.001333 

.002000 

—.000833 

43.000 

.027667 

.001334 

.025666 

.001333 

.002001 

+.000001 

44,000 

.029667 

.002000 

.027000 

.001334 

.002667 

.000606 

45.000 

.  031333 

.001666 

.029100 

.002000 

.002333 

—  000334 

46.000 

.033000 

.001667 

.031000 

.002000 

.002000 

—.000333 

47,00a 

.035333 

.002333 

.033000 

.002000 

.002333 

.000333 

48,000 

.038333 

.003000 

.035667 

.002667 

.002666 

.000333 

49.000 

.040333 

.002000 

.038000 

.002333 

.002333 

-.000333 

50,000 

.042667 

.002334 

.040333 

.002333 

.002334 

.000001 

51. 000 

.046000 

.003333 

.042667 

.002384 

.003383 

+.000990 

52,000 

.049667 

.003667 

.047000 

.004333 

.002667 

.000066 

53,000 

.052667 

.003000 

.049667 

.002667 

.003000 

.000333 

54,000 

.055333 

.002666 

.0523^ 

.002666 

.003000 

.909000 

55.000 

.059333 

.004000 

.056667 

.004334 

.002333 

-^.000067 

56.000 

.064000 

.004667 

.061000 

.004333   ^ 

.008090 

.000067 

57,000 

.067667 

.003667 

.064667 

.003667 

.003000 

.000000 

58,000 

.074000 

.006333 

.070667 

.006000 

.003333 

.000833 

59,000 

.080333 

.006333 

.077000 

.006833 

.008333 

.000009 

60,0P0 

.090333 

.010000 

.087000 

.010000 

.003333 

.000836 

61,000 

.095333 

.005090 

.091667 

.004667 

.003666 

62,000 

.  116333 

.021000 

.112667 

.021000 

.003666 

.000009 

63,000 

.123333 

.006000 

.123333 

.010666 

.000000 

—.003060 

64.000 

n 

(*) 

n 

(•) 

(•) 

(*) 

*  Specimen  broke. 

GENERAL  SUMMARY. 

Specific  grarity " 7.8871 

Hardness    .-..  '     10.82 

Original  area  of  cross-section sq.  inch..      .3481 

Mastic  limit ; lbs..        19^080 

Bxtension  per  inch  at  elastic  limit inch..    0.60MIT 

Ultimate  resistance  per  square  inch  of  original  area lbs. .        64.019 

Ultimate  extension  per  inch inch..    0.1SSS3 

Ratio  of  elastic  to  ultimate  resistance 8.37 

Contraction  in  area  at  fracture percent..  43.67 

Ultimateresistanceper  sqaare  inch  of  fttMitared  area lbs  .      113,617 

Position  of  fracture    Near  oeator. 

Chaiactei  of  surface PlbrDOl. 
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Table  showing  the  extensiotiy  restoration,  and  permanent  set  caused  by  the  undermentioned 
weights  oer  square  inch  of  area  acting  upon  a  soHd  cylinder  of  Firth's  steel  2.93  incke^ 
long  ana  .559  inch  in  diaineter,  taken  from  breech  receiver  of  lUinch  chambtred  breeoh^ 
loading  rifle  No.  1  {after  rupture). 


SPECIMEN  MARKED  2. 


a  a 

.9 

I-' 

o 

.a 

g-s 

u 

rnia- 
inch 

!i 

it 

Sg 

'p^ 

U 

la 

•  a 

H. 

i^ 

xtenaion 
in  len 

9  U 

estoratioi 
inlen^ 

^a 

1st 

Weiehi 
incn 
area. 

III 

Son 

O  S  C3 

H 

CO 

P4 

Si 

£ 

00 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch, 

Inch. 

1,000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

2.000 

.000000 

.000000 

.000000 

.000000 

.000000 

.060000 

3,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

4,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

5,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

6.000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

7,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

8,000 

.000000 

.000000 

.000000 

.000000 

.000600 

.000000 

9,000 

.OOOOAO 

.000000 

.000000 

.000000 

.000000 

.000000 

10.000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

11.000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

12,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

13,000 

.000000 

.000000 

.  .000000 

.000000 

.000006 

.000000 

14.000 

.000336 

.000336 

.000336 

.000336 

.000000 

.000000 

15,000 

.000671 

.000335 

.000671 

.000335 

.000000 

.000000 

10.000 

.  001007 

.000330 

.000336 

—.000335 

.000671 

.000671 

17,000 

.001007 

.000000 

.000336 

.000000 

.000671 

.000000 

18.000 

.  00i342 

.000335 

.000336 

.000000 

.001006 

.000335 

19,000 

.001342 

.000000 

.000671 

.000335 

.000671 

—.000335 

20,000 

.001678 

.000336 

.000671 

.000000 

.001007 

.00033& 

21.000 

.001678 

.000000 

.001007 

.000336 

.000671 

—.000336 

22,000 

.002013 

.000335 

.001342 

.000335 

.000671 

.000000 

23,000 

.002685 

.000672 

.001678 

.000336 

.001007 

.000336 

24.000 

.004027 

.001342 

.002685 

.001007 

.  001342 

.000335- 

25,000 

.004362 

.000335 

.003691 

.001006 

.000671 

.000671 

26.000 

.005034 

.000672 
.OOIOW 

.004027 

.000336 

.001007 

.000336^ 

27,000 

.006040 

.004698 

.000671 

. 001342 

.000335 

28,000 

.006711 

.000671 

.  005705 

.001007 

.001006 

—.000336 

29,000 

.007384 

.000673 

.  006.376 

.000671 

.001008 

—.000002 

30,000 

.008389 

.001005 

.006711 

.000335 

.  001678 

.000670 

31,000 

.009060 

.000071 

.007718 

.001007 

.001342 

—.000336^ 

32,000 

.010067 

.001007 

.008725 

.001007 

.001342 

.000000 

33,000 

.011400 

.001342 

.009732 

.001007 

.001677 

.000335 

34.000 

.  012416 

.001007 

.010738 

.001006 

.  001678 

.000001 

.  35,000 

.013758 

.001342 

.012080 

.001342 

.001678 

.000000 

36,000 

.  015101 

.001343 

.013087 

.001007 

.002014 

.00033(^ 

37,000 

.  016107 

.001000 

.014094 

.  001007 

.002013 

—.000001 

38.000 

.  018121 

.002014 

.  016107 

.002013 

.002014 

.000001 

39,000 

.  018792 

.000071 

.  016443 

.000336 

.  002349 

.000335- 

40.000 

.  019128 

.000380 

.017114 

.000671 

.002014 

—.000335 

41,000 

.019799 

.000071 

.017785 

.000671 

.OOilOU 

.000000 

42,000 

.020470 

.000671 

.  018456 

.000671 

.002014 

.000000 

48,000 

.  021812 

.  001342 

.  020134 

.001678 

.000678 

—.001336- 

44,000 

.023154 

.001342 

.  021476 

.  001342 

.001678 

.001000 

45.000 

.026174 

.002020 

.  024161 

.002685 

.002013 

.000335 

46,000 

.027517 

.001343 

.025503 

.001342 

.002014 

.000001 

47,000 

.029195 

.001678 

.026846 

.001343 

.002349 

.000835 

48,000 

.031208 

.002013 

.028859 

.002013 

.002349 

.000000 

49,000 

.033221 

. 002013 

.  031208 

.002349 

.002013 

—.000336 

50.000 

.034564 

.001343 

.032886 

.001678 

.001678 

—.000335 

51,000 

.037248 

.002684 

.034504 

.001678 

.002684 

.061006^ 

52,000 

.039933 

.002685 

.037248 

.002684 

.002685 

.000001 

53,000 

.042617 

.002684 

.040604 

.003356 

.002013 

-.000672 

54.000 

.044966 

.002349 

.041940 

.001342 

.003020 

.001007 

55,000 

.048322 

.003356 

.045973 

.004027 

.002349 

—.000071 

58,000 

.  052013 

.003691 

.049329 

.003356 

.002684 

.000335 

57,000 

.056376 

.004363 

.054027 

.004698 

.002349 

—.000335- 

58,000 

.060738 

.004362 

.  057718 

.003691 

.003020 

.000071 

59,000 

.065772 

.005034 

.002752 

.005034 

.003020 

.000000 

60,000 

.  071477 

.005705 

.068456 

,005704 

.003021 

.000001 

61,000 

.080201 

.008724 

.077181 

.  008725 

.003020 

—.000001 

62,000 

.oa'iooe 

.  005705 

.082215 

.005034 

.003691 

.000071 

63.000 

.098322 

. 012410 

.094967 

.  012752 

.003355 

—.000336 

64,000 

.112085 

.  013753 

.108390 

.  0134*23 

.003695 

.000340 

65,000 

.122483 

.  010398 

.  119127 

.  010737 

.003356 

—.000339 

66.000 

.150000 

.027517 

.  145973 

.026846 

.004027 

.000671 

67,000 

. 221476 

.  071474 

(*) 

(♦) 

(*) 

(*) 

*Sp«*clmen  broke. 
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Table  showing  ihe  extensiottt  restoraHofif  andpertMinent  setj  ^*c. — Continued. 


GENERAL  SITMMARY— SPECDdZN  MARKED  2. 

Specific  gravity 7.8511 

UArdness 10-37 

Original  area  of  croea-seotion sqou^  inch. .  0.3454 

Elastic  limit pounds..  15. «• 

Extension  per  inch  at  elastic  limit ^ inch..  0. OCMTl 

Ultimate  resistance  per  square  inch  of  original  area poonds..  67,  <W 

Ultimate  extension  per  inch inch..  0. 222fll 

Ratio  of  elastic  to  ultimate  resistance 4.47 

Contraction  in  area  at  fracture percent..  38.87 

Ultimate  resistance  per  square  inch  of  fractured  area pounds . .  lOt.  MS 

Position  of  fracture near  cantor. 

Character  of  surface    ^ crystalline  and  fibroai. 


Table  showing  the  extension f  restoration y  and  permanent  set  caused  by  the  undermenti4^mei 
weights  per  square  inch  of  area  acting  upon  a  solid  cylinder  of  I%rth*8  steel  3  inches  l9n§ 
and  .560  inch  in  diameter ^  taken  from  breech-receiver  of  W-inch  chambered  breech -loaSSmf 
rifle  No,  1  (after  rupture). 


SPECIMEN  MARKED  3. 


11 

Si: 


Pounds. 
1,000 
2,000 
3,000 
4,000 
&.000 
«,000 
7,000 
8,000 
9.000 
10,000 
11,000 
12,000 
13.000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
512,000 
23,000 
24,000 
25,000 
26,000 
27.000 
28,000 
29.000 
30,000 
31,000 
32,000 
38,000 
34.000 
35,000 
36,000 
37,000 
38,000 
39.000 
40.000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49.000 
^,000 


.a 
o 


J- 

*S  a 

J-" 

M 


Inch. 
0.000000 
.000000 
.000000 
.000000 
.000333 
.000667 
.000667 
.000667 
.000667 
.000667 
.000667 
.000667 
.000667 
.000667 
.001000 
.001000 
.001833 
.001333 
.001333 
.001667 
.002000 
.002333 
.009667 
.003000 
.003667 
.005383 
.006338 
.007833 
.008000 
.008667 
.009333 
.010333 
.010667 
.012667 
.013667 
.014333 
.016667 
.017333 
.018667 
.019333 
.020333 
.022000 
.024667 
.026333 
.027333 
.029333 
.032333 
.033667 
.035333 
.040333 


I         .a 

;    I 


If 


Inch. 

Inch. 

0.000000 

0.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000333 

.000333 

.000334 

.000667 

.000000 

.000667 

.000000 

.000667 

.000000 

.000667 

.000000 

.000667 

.000000 

.000667 

.000000 

.000667 

.000000 

.000667 

.000000 

.000333 

.000333 

.000333 

.000000 

.000333 

.000333 

.000333 

.000000 

.000667 

.000060 

.000667 

.000334 

.000667 

.000333 

.000667 

.000333 

.001000 

.000334 

.002000 

.000838 

.002333 

.000667 

.003333 

.001666 

.004333 

.001000 

.005000 

.001000 

.006333 

.000667 

.007333 

.000667 

.007333 

.000666 

.008333 

.001000 

.009333 

.000334 

.009667 

.002000 

.  011333 

.001000 

.012000 

.000606 

•013000 

.002334 

.014667 

.000666 

.015667 

.001334 

.017000 

.000666 

.018000 

.001000 

.018667 

.001667 

.020000 

.002667 

.023333 

.001666 

.024833 

.001000 

.025333 

.002000 

.027333 

.003000 

.080333 

.001334 

.  031333 

.001666 

.033000 

.005000 

.037667 

g  — 

9  ^ 

§  a 

9  Im 
•S  Cka 

c  o  0 
.§•■3.2 

93 


Inch. 

0. 000000 
.000000 
.000000 
.000000 
.000333 
.000334 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 

-  .000834 
.000000 
.000000 
.000000 
.000331 
.000000 
.000000 
.000000 
.000333 
.001000 
.000383 
.001000 
.001000 
.000067 
.001333 
.001000 
.000000 
.001000 
.001000 
.000334 
.001666 
.000667 
.001000 
.001667 
.001000 
.001333 
.001000 
.000667 
.001333 
.003333 
.001000 
.001000 
.002000 
.003000 
.001000 
.001667 
.004667 


%   61) 

5  s 


en  O 
B 

•  d 


Inch. 

0.000000 

.000000 

.000000 

.000000 

.cooooo 

.000000 
.000000 
.000000 
.000000 
.000001 
.OOOOOOT 
.000000 
.000000 
.000334 
.000687 
.000667 
.001000 
.  000666 
.000666 
.001000 
.001333 
.001333 
.000667 
.000667 
.000334 
.001000 
.001333 
.001000 
.000667 
.001834 
.001000 
.001000 
.001000 
.001334 
.001667 
.001333 
.002000 
.001666 
.001667 
.001883 
.001666 
.002000 
.001334 
.002000 
.002000 
.002000 
.002000 
.002334 
.002333 
.002666 


Inch. 

0.000000 
.000000 
.000000 
.000000 
.000009 
.000000 
.000000 
.000009 
.000000 
.000009 
.000009 
.000009 
.000009 
.000884 
.000833 
.000009 
.000883 

-.000884 
.000009 
.000334 
.000883 
.000009 


.000009 

.000333 
.000088 

.000333 
.000838 
.000883 
.000087 
.000334 
.000009 
.000090 
.000834 
.000883 
.000834 
.000617 
.000884 
.000091 


000833 
000884 

.000019 


00tt84 
800001 
000S83 


J 
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Table  showing  the  extmuion,  reitoratioHf  and  permanent  set^  <^*& — Coutiuued. 

SPECIMEN  HARKED  3— Contnued. 


SI 
fa^? 


Pounds. 
51.000 
52.000 
53,000 
54.000 
55,000 
56,000 
57.000 
58. 900 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 


o 

a 


is. 


M 


Inch. 
.041667 
.044667 
.048000 
.009667 
.053333 
.  050333 
.061000 
.068000 
.  074667 
.081000 
.088333. 
.097000 
.107000 
.122667 
.  142333 
.239000 


Inch. 
.001334 
.003000 
.003333 
.001667 
.003666 
.006000 
.001667 
.007000 
.006667 
.006333 
.007333 
.008667 
.010000 
.  015667 
.019666 
.096667 


5- 


Inch. 
.039333 
.042333 
.045333 
.047333 
.050667 
.056667 
.058667 
.064667 
.  071667 
.078000 
.085000 
.093667 
.103667 
.118667 
.138667 

(*) 


la 


i 


0 


iTMh. 

.001666 
.003000 
.003000 
.002000 
.003334 
.006000 
.002000 
.006000 
.007000 
.006333 
.007000 
.00866T 
.010000 
.015000 
.020000 
(*) 


I. 
it 

*  a 
^£ 

SI 

0k 


JncA. 
.002334 
.002334 
.002667 
.002334 
.002666 
.002666 
.002333 
.003333 
.003000 
.003000 
.003333 
.003333 
.003333 
.004000 
.003666 


Inch. 
.000332 
.000000 
.000333 
.000333 
.000332 
.000000 
.  000333 
.001000 
.000333 
.000000 
.000333 
.000000 
.000000 
.000667 
.000334 

r) 


Specimen  broke. 


GENERAL  SUMMART. 


Specific  gravity 7.8600 

Hardness 10.37 

Original  area  of  croas-sectiou  .  sq.  inch . .  0. 2463 

Elastic  limit pounds..  13,000 

Extension  per  inch  at  elastic  limit    in..  0.000667 
Ultimate  resistance   per  square  inch 

of  original  area pounds..  06,000 


Ultimate  extension  per  inch inch . .    0. 239000 

Ratio  of  elastic  to  ultimate  resistance. . .  4. 62 
Contraction  in  area  at  fracture .  i^r cent. .  41. 86 
intimate  resistance  per  square  inch  of 

fractured  area pounds..      113,512 

Position  of  ^acture near  center. 

Character  of  surface crystalline  and  fibrolis. 


Table  showing  the  extension^  restorationf  and  permanent  set  caused  by  the  undermentioned 
weights  per  square  inch  of  area  acting  upon  a  solid  cylinder  of  Firth's  steel,  2.976  inches 
long  and  .564  inch  in  diameter,  taken  from  breech-receiver  of  W-inch  chambered  breech-load- 
ing rifle  No,  1  {after  rupture), 

SPECIMEN  MARKED  4. 


r  square 
original 

per  inch 
gth. 

exten- 
inch  in 

B  per  inch 

restora- 
inch    in 

1. 
it 

•  a 

9 

perma- 
per  inch 

• 

Weight  pc 
inch  of 
area. 

Extension 
inlen 

Successive 
sion  «er 
lengto. 

0  a 

Successive 
tion  per 
length. 

1 

s*      Permanent 
§.           inch  in  1 

Snccesslve 
nent  set 
in  length 

Pounds, 

InetL 

Inch. 

Inch, 

Inch. 

Inch. 

1,000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 

2,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

8,000 

.000000 

.000000 

.000000 

.000000 

.0000  JO 

.000000 

4.000 

.000336 

.000336 

.000336 

.000336 

.000000 

.000000 

5,000 

.000672 

.000336 

.000672 

.000336 

.000000 

.000000 

6.000 

.000672 

.000000 

.000672 

.000000 

.000000 

.000000 

7,000 

.000672 

.000000 

.000672 

.000000 

.000000 

.000006 

8,000 

.000672 

.000000 

.000672 

.000000 

.000000 

.000000 

9,000 

.U00672 

.000000 

.000672 

.000000 

.000000 

.000000 

10.000 

.001008 

.000336 

.001008 

.000336 

.000000 

.000000 

11.000 

.001008 

.000000 

.001008 

.000000 

.000000 

.000000 

12,000 

.001344 

.000336 

.001844 

.000336 

.000000 

.000000 

13.000 

.001344 

.000000 

.001344 

.000000 

.000000 

.000000 

14.000 

.001344 

.000000 

. 001344 

.000000 

.000000 

.000000 

15.000 

.001344 

.  000000 

.001344 

.000000 

.000000 

.000000 

16,000 

.001344 

.000000 

.001344 

.000000 

.000000 

.000000 
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Table  ehmcing  the  extension^  reatoraiian,  and  permanent  set,  ^c, — Continued. 

SPECIMEN  MARKED  4— Continued. 


S| 

re 

per  inch 
gth. 

exten- 
inch   in 

estoration  per  inch 
in  length. 

restora- 
inch   in 

0.  . 

xtension 
in  lenj 

uccessive 
aiun  per 
length. 

accessive 
tion  per 
length. 

ernianent 
inch  in  I 

Inch. 

cc 

K 

tc 

P^ 

00 

Pmtnd*. 

Jnek. 

Inch. 

Inch. 

Inch. 

JfM*. 

17,000 

.001344 

.000000 

.000672 

—  .000672 

.000672 

.000673 

18,000 

.001680 

.000336 

.000672 

.000000 

.001008 

.000396 

19,000 

.001680 

.000000 

.000672 

.000000 

.001008 

.000000 

20.000 

.002016 

.000336 

.001344 

.000672 

.000672 

—  .0003» 

21,000 

.00-2362   ' 

.000336 

.001680 

.000336 

.000672 

.000000 

22,000 

.003024 

.000672 

.002352 

.000672 

.000672 

.000000 

23,000 

.  003360   1 

.000336 

.002352 

.000000 

.001008 

.000336 

24,000 

.004704 

.001344 

.003360 

.001008 

.001344 

.000336 

25,000 

,005040 

.000336 

.004704 

.001344 

.000336 

—  .001008 

26,000 

.005376 

.000336 

.005040 

.000336 

.000336 

.000000 

27,000 

.  005712 

.000336 

.005040 

.000000 

.000672 

.00033C 

28,000 

,006384 

.000672 

.005376 

.000336 

.001008 

.(MM330 

.   20,000 

.007392   I 

.001008 

.006384 

.001008 

.001008 

.000000 

30,000 

.008401 

.001009 

.007392 

.001008 

.001009 

.000001 

31,000 

.009745 

.001344 

.008401 

.001009 

.001344 

.000335 

32,000 

.  010417 

.000672 

.009409 

.001008 

.001008 

—  .000338 

33,000 

.  012097   i 

. 001680 

.  010417 

.001008 

.001680 

.000672 

34,000 

.  013441   1 

.001344 

.  011424 

.001007 

.002017 

.000337 

35,000 

.  014113   1 

.000672 

.012433 

.001009 

.001680 

—  .000337 

36,000 

. 014785 

.000672 

.  013441 

.  001008 

.001344 

1  —  .000336 

37,000 

.  016129 

.001344 

.  014785 

.001344 

.001344 

.000000 

38,000 

.017809 

.001680 

.016465 

.001680 

.001344 

.000000 

30,000 

.010489 

.001680 

.017809 

.001344 

.001680 

.000336 

40,000 

.020497 

.001008 

. 018481 

.000672 

.002016 

.000336 

41.000 

.022613 

.002016 

.021169 

.002688 

.001344 

—  .000072 

42,000 

.023858 

.001345 

■  .021841 

.000672 

. 002017 

.000673 

43,000 

.026546 

.002688 

.024866 

.003025 

.001680 

—  .000337 

44,000  < 

.028226 

.001680 

.025874 

.001008 

.002352 

.000672 

45,000 

.  030242 

.002016 

.028226 

.  002352 

.002016 

-  .000336 

40.000 

.031922 

.001680 

.029570 

.001344 

.0023.'>2 

.000336 

47,000 

.034611 

.002689 

.032258 

.002682 

.002353 

.000001 

48,000 

.036626 

.  002015 

.034274 

.002016 

.002352 

-  .000001 

49.000 

.038979 

.002353 

.036626 

.002352 

.  0023/3 

.OOOOOl 

50,000 

.041668 

.002689 

.038979 

.002353 

.00*^689   . 

.000336 

6i;ooo 

.  044019 

.  002351 

.041668 

.002689 

.002351 

—  .000338 

52.000 

.046035 

.002016 

.042676 

.001008 

.003360 

.001008 

53,000 

.  0520a') 

.006048 

.049731 

.007055 

.002362 

—  .001007 

54,000 

.055444 

.003361 

.  052419 

.002688 

.003025 

.000073 

55.000 

.061828   , 

.006384 

.058804 

.006385 

.003024 

—  .000001 

56,000 

.  064518 

.002690 

.  061828 

.003024 

.002690 

~  .000834 

67,000 

.066868 

.002350 

.063844 

.002016 

.003034 

.000334 

58,000 

.075606 

.  008737 

.  072917 

.009078 

.002688 

—  .000336 

50,000 

.087030 

.011425 

.083334 

. 010417 

.003696 

.001068 

60,000 

.092070 

.005040 

.088710 

.005376 

.003360 

—  .000336 

61,000 

. 105511 

.013441 

. 101479 

.012769 

.004032 

.000673 

62.000 

. 113240 

.007739 

.108871 

. 007892 

.004360 

.000337 

63,000 

.115592 

.002352 

.112232 

.003661 

.003360 

-  .(OlOQO 

64,000 

.155242 

.036750 

. 151210 

.038978 

.004032 

.000073 

65,000 

.238239 

.082997 

(•) 

(*) 

n 

r> 

*"  Specimen  broke. 

GENERAL  SUMMARY. 

Specific  gravity 7.8W 

Hardness 10  37 

Original  area  of  cross-  section squa  re  inch . .        .  1411 

Elastic  limit pounds...     16.«l# 

Extension  per  inch  at  elastic  limit inch..  0:001344 

Ultimate  resistance  per  square  inch  of  original  area pounds. .      tt,  m 

Ultimate  extension  per  inch inch. .  0.  S38SM 

Ratio  of  elastic  to  ultimate  resistance inches..  4.06 

Contraction  in  area  at  fracture per  cent. .        H  35 

Ultimate  resistance  per  square  inch  of  fractured  area pounds..     10S,3SI 

Posi tion  of  fracture near  ec&tcr. 

Character  of  surface fibrous  and  crysti^liM. 
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TtUtU  showing  the  extenaiotty  reitaratiotif  and  permanent  set  caused  by  the  undermentumed 
weights  per  square  inch  of  the  primitive  section  acting  upon  a  solid  cylinder  of  Firth*s  steel 
2.996  inches  long  and  .562  inch  in  diameter^  taken  from  breech  receiver  of  ll-inch  cham- 
bered breech'l  ading  rifle  Xo.  1  {after  rupture). 


SPECIMEN  MARKED  5. 


»r  square 
original 

per  inch 
gth. 

exten- 
inch  in 

0  per  inch 
gth. 

restora- 
inch  in 

if  ' 

penua- 
per  inch 

• 

hi 

Extension 
in  len 

r^  ■ 

Inch. 

Inch. 

Successive 
tion  per 
length. 

Permanent 
inch  in  I 

Successive 
nent  set 
in  length 

Poundg. 

Inch. 

Inch. 

Inch. 

Inch. 

1.000 

o.-oooooo 

0.00U000 

0.000000 

0.000000 

0.000000 

0.000000 

2,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

3,000 

.000334* 

.000334 

.000334 

.000334 

.000000 

.000000 

4,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

5,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

«,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

7,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

8,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

9.000 

.000668 

.000934 

.000668 

.000334 

.000000 

.000000 

10,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

11.000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

12.000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

X3,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

14.000 

.060668 

.000000 

.000668 

.000000 

.000000 

.000000 

15,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

10,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

17,000 

.001001 

.000333 

.  001001 

.000333 

.000000 

.000000 

18.000 

.001001 

.000000 

.001001 

.000000 

.000000 

.000000 

19,000 

.001001 

.000000 

.000334 

—  .000667 

.000667 

.0C0667 

20,000 

.001335 

.000334 

.000334 

.000000 

.001001 

.000334 

21,000 

.001668 

.000333 

.000668 

.000334 

.001000 

—  .000001 

22,000 

.002003 

.000335 

.001001 

.000333 

.001002 

.000002 

23,000 

.002336 

.000333 

.001668 

.000667 

.000668 

—  .000334 

24,000 

.003672 

.  001336 

.002670 

.001002 

.  001002 

.000334 

25,000 

.004339 

.000667 

. 003338 

.000668 

.001001 

—  .000001 

26,000 

.005007 

.000668 

.004005 

.000667 

.001002 

.000001 

27,000 

.005674 

.000667 

.005007 

.001002 

.000667 

—  .000886 

28.000 

.006675 

.001001 

.005674 

.000667 

.001001 

.000834 

29,000 

.007343 

.000668 

.006008 

.000334 

.001335 

.000334 

30,000 

.008344 

.001001 

.007009 

.001001 

.001335 

.000000 

31,000 

.009346 

.001002 

.008011 

.001002 

.001335 

.000000 

32,000 

.010347 

.001001 

.009012 

.001001 

.  001335 

.000000 

33,000 

.011348 

.001001 

.  010014 

.001002 

.001334 

—  .000001 

34,000 

.012350 

.001002 

.010681 

.000667 

.001669 

.000385 

35,000 

.013351 

.001001 

.  011682 

.001001 

.001669 

.000000 

36,000 

.015020 

.001669 

.013685 

.002003 

.001335 

.000334 

87,000 

.016021 

.001001 

.014686 

.001001 

.001335 

.000000 

38,000 

.618358 

.002337 

.017023 

.002337 

.001335 

.000000 

39,000 

.  019359 

.  001001 

.  017690 

.000667 

.001669 

.000334 

40,000 

.019093 

.000336 

.018024 

.000334 

.001669 

.000000 

41.000 

.029030 

.002337 

.0020694 

.002670 

.001336 

-  .000333 

42,000 

.023031 

. 001001 

.0021696 

.001002 

.001335 

—  .000001 

43,000 

.024032 

.001001 

.022363 

.000667 

.001669 

.000334 

44,000 

.025701 

.001660 

.023698 

.001335 

.002003 

.000334 

45,000 

.027704 

.002003 

.025367 

.001669 

.002337 

.000834 

46.0<i0 

.029706 

.002002 

.027704 

.002337 

.002002 

—  .000336 

47,000 

.032043 

.002337 

.029706 

.002002 

.002337 

.000335 

48,000 

.033712 

.001060 

. 031709 

.002003 

.002003 

-  .000334 

49.000 

.035381 

.001669 

.033044 

.001335 

.002337 

.000334 

€0,000 

.039052 

.003671 

.036716 

.003672 

.002336 

—  .000001 

51.000 

.041722 

.002670 

.  a39052 

.002336 

.002670 

.000334 

52,000 

.044392 

.002670 

.041722 

.001670 

.002670 

.000000 

53,000 

.046729 

.002337 

.044059 

.002337 

.002670 

.000000 

54,000 

.0.52403 

.005676 

.049733 

.  005674 

.002670 

.000000 

55,000 

.  055741 

.003338 

.054406 

.004673 

.001335 

—  .  001335 

56,000 

.058077 

.002386 

.055407 

.001001 

.002670 

.001335 

57,000 

.066087 

. 007010 

.062083 

.006676 

.003004 

.000334 

58.000 

.069426 

.0(M339 

.066756 

.004673 

.002670 

—  .000384 

59,000 

.074433 

.005007 

.071095 

.004339 

.003338 

.000668 

60,000 

.082443 

.008010 

.077770 

.006675 

.004673 

.001335 

61,000 

.090454 

.008011 

.087116 

.0090346 

.003338 

-  .001335 

62,000 

.096462 

.006008 

.092790 

.005674 

.003672 

.000336 

63.000 

. 111148 

.014686 

.  107810 

.00.5020 

.003338 

—  .000334 

64,000 

.130507 

.  019350 

.126501 

. 018691 

.004006 

.000668 

65,000 

.155876 

.025369 

.151869 

.025368 

.004007 

.000001 

66,000 

.266789 

.  110913 

(*) 

(*) 

(*) 

(•) 

•  Broke. 
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Table  showing  the  extension,  restoratiaUf  and permatient  set,  ^c. — ContinaecL 

GENERAL  ST7M1CARY— SPECIMEN  MARKED  5. 

Specific  gravity i 7. 

HardncM 10.  • 

Original  area  of  cross-section square  inch..  .141 

Elastic  limit pounds..  16, Mi 

Extension  per  inch  at  elastic  lim it '.  inch . .         a  MICH 

intimate  resistance  per  square  inch  of  original  area ponnds . .  iS,  ON 

Ultimate  extension  per  inch , inch..         0.36679 

Ratio  of  elastic  t6  ultimate  resistance 3.66 

Contraction  in  area  at  fhusture percent..       37. 5fl 

Ultimate  resistance  per  square  inch  of  fractured  area pounds..  10^731 

Position  of  fracture nemx  center. 

Character  of  surface flbroos. 


Table  8h4)wing  the  extensioHt  restoration^  and  permanent  set  caMed  by  the  anderotentiomti 
weights  per  square  inch  of  the  primitive  section  acting  upon  a  solid  cylind^  of  Firth's 
steel  2.993  inches  long  and  .b6^i  inches  in  diameter,  taken  from  breech  receiver  of  11-iiici 
chambered  breech-loading  rifle  Xo.  1  (after  rupture). 

SPECIMEN  MARKED  6. 


1 

Weight  per  square 
inch   of   original 
area. 

xtenslon  per  inch 
in  length. 

ticceBsive     exten- 
sion per  inch  in 
length. 

estoration  per  inch 
in  fength. 

aocessive  restora- 
tion per  inch  in 
length. 

ermnnent  set  per 
inch  in  length. 

i  ill 

H 

cc 

P^ 

CO 

Inch, 

X 

Pounds. 

Inch. 

Inch. 

]    Inch. 

Inch. 

Inch. 

1.000 

0.000334 

0.000334 

0.000334 

0.0Q0334 

0.000000 

1   0.000006 

2,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

3,000 

.000334 

.000000 

.000334 

.600000 

.000000 

.000000 

4,000 

.000668 

.000334 

.000334 

.000000 

.000334 

.000334 

5,000 

.•000668 

.000000 

.000334 

.000000 

.000334 

.000006 

6,000 

.000668 

.000000 

.000334 

.000000 

.000834 

.000000 

7,000 

.000668 

.000000 

.000334 

.000000 

.000334 

.000000 

8,000 

.000668 

.000000 

.000334 

.000000 

.000334 

.600000 

9,000 

.001002 

.000334 

.000334 

.000000 

.000668 

.000334 

10,000 

.001002 

.000000 

.000384 

.000000 

.000668 

.000000 

11,000 

.000002 

.000000 

.000334 

.000000 

.000668 

.060000 

12,000 

.001002 

.000000 

.000334 

.000000 

.000668 

.000000 

13,000 

.001336 

.000334 

.000668 

.000334 

.000668 

i    .000000 

14,000 

.001336 

.000000 

.000668 

.000000 

.000668 

.000006 

15,000 

.  001836 

.000000 

.000668 

.000000 

.000668 

.000000 

16,000 

.001836 

.000000 

.000668 

.000000 

.000668 

.000000 

17,000 

.001336 

.000000 

.000668 

.000000 

.000668 

.000006 

18,000 

.  001836 

.000000 

.000668 

.000000 

.000668 

.000000 

19,000 

.001336 

.000000 

.000668 

.000006 

.000668 

.000006 

20,000 

.001336 

.000000 

.000668 

.000000 

.000668 

.oooooo 

21,000 

.001671 

.000335 

.000668 

.000000 

.001003 

.00033S 

22,000 

. 001671 

.000000 

.001002 

.000834 

.000669 

—  .000334 

23,000 

.001671 

.000000 

.•01002 

.000000 

.000669 

.000000 

24,000 

.002673 

.001002 

.002005 

.001003 

.000668 

—  .000001 

25.0U0 

.003341 

.000668 

.002673 

.000668 

.000668 

.000006 

26.000 

.004009 

.000668 

.003341 

.000668 

.000668 

1    .000006 

27.000 

.004678 

.000669 

.004009 

.000668 

.000668 

.000061 

28,000 

.005346 

.000668 

.004343 

.000334 

.001003 

.000334 

29.000 

.008353 

.003007 

.007016 

.002073 

.001337 

.ooom 

30,000 

.008687 

.000336 

.007350 

.000334 

.001337 

1    .000006 

31,000 

.009021 

.000334 

.007685 

.000335 

.000336 

—  .000001 

32,000 

.009689 

.000668 

.008353 

.000668 

.001336 

.001006 

33,000 

.010692 

.001008 

.009021 

.000668 

.001671 

.000335 

34,000 

.  011026 

.000334 

.010023 

.001002 

.001003 

—  .000668 

35.000 

.  012362 

.001336 

.010692 

.000669 

.001670 

.000617 

36,000 

.013365 

.001003 

.011694 

.001002 

.001671 

.000001 

37.000 

.015369 

. 002004 

.013365 

.001671 

.002004 

.00033S 

38,000 

.  016371 

.  001002 

.013699 

.000334 

.002672 

.000668 

39,000 

.  017374 

.001003 

.016037 

.  002338 

.001387 

—  .001335 

40.000 

.09044 

.001670 

.  017040 

.001003 

.002004 

.000667 

41,000 

.020047 

. 001003 

.  018041 

.001001 

.002006 

.000009 

42,000 

.020715 

.000668 

.018710 

.  000669 

.002005 

1  — .ooeoM 

43.000 

.022386 

.001671 

.  020381 

.001671 

.002005 

.000006 

44.000 

.  023722 

. 001336 

.021717 

.001336 

.002005 

.000006 

45,000 

.  026729 

.003007 

. 024724 

.003007 

.002005 

.000006 

46,000 

.  027397 

.000668 

.02.5393 

.000669 

.002004 

1  —  .000001 

47,000 

.  02i^7;i4 

.  001337 

.  026729 

.  001336 

.002005 

1    .000601 

4t>,000 

.  029736 

.001002 

.028065 

.  001336 

.001671 

—  .000S34 
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Table  showing  the  extenewny  restoration,  and  permanent  set,  fc, — Continued. 

SPECIMEN  MARKED  O-^Jontinned. 


Pounds. 
49,000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
56.000 
57,000 
58.000 
59,000 
60,000 
61,000 
62,000 
63,000 
64.000 


I 
§1 

H 


Inch 
.032743 
.034080 
. 039759 
.  041430 
.044103 
.045429 
. 046775 
.052456 
.  054795 
.  057467 
.  065152 
.067825 
.  074842 
.  078517 
.085867 
.  086869 


Inch. 
.003007 
.001387 
.005679 
. 001671 
.002673 
.001336 
.001336 
.005681 
.002339 
.002672 
.007685 
.002673 
.  007017 
.003675 
.  007350 
.  001002 


o 

.a 
hi 


2  S 


^ 


Inch. 
.  030738 
.032074 
.037421 
. 038757 
.041764 
.  043101 
.  045105 
.049783 
. 052122 
.054795 
.  062145 
.065152 
.071500 
. 075175 
.082860 


Inch. 
.002673 
.001336 
.005347 
.001336 
.003007 
. 001337 
.002004 
.004678 
.002339 
.002673 
.008350 
.003007 
.006348 
.003675 
.006685 


I. 
-J 


Inch. 
.002005 
.002006 
,002338 
.002673 
.002337 
.002338 
.001670 
.002673 
.  002673 
.002672 
.003007 
.002673 
.003342 
.003342 
.003007 


K 


ia 

^   CO   M 


Inch. 
.000334 
.000001 
.000382 
.000335 
.000334 
.000001 
.000668 
.001003 
.000000 
.000001 
.000335 
.000334 
.000669 
.000000 
.000335 


GENERAL  SUMMARY. 

Specific  jrravity 7.8662 

Hardness .' 10.82 

Original  area  of  cross-section square  inch . .  .  2489 

Elasticlimit  pounds..  12,000 

Extension  per  inch  at  elastic  limit inch..  0.001002 

Ultimate  resistance  per  square  inch  of  original  area pounds..  64,000 

Ultimate  extension  per  inch inch..  0.086861^ 

Ratio  of  elastic  to  uitimato  resistance 5. 33 

Contraction  in  area  at  fractnre per  cent. .  7. 59 

Uitimato  resistance  per  square  inch  of  fractured  area   ponnds . .  69, 59i 

Position  of  firacture near  centor 

Character  of  surface crystalline* 


Table  shotcing  the  extension,  restoration,  and  permanent  set  caused  by  the  undermentioned 
wtights  per  square  inch  of  the  primitive  section  acting  upon  a  §olid  cylinder  of  Firth^s  steel, 
3  inches  long  and  .562  inch  in  diameter,  taken  from  breeoh-receiver  of  ll-inch  ehamberea 
breech' loading  rifle  No,  1  {after  rupture), 

SPECIMEN  MARKED  7. 


Weight  per    ' 
square  inch  of 
original  area. 

Extonsion 

per  inch  in 

length. 

Inch. 

Successive 

extension 

per  inch  in 

length. 

'  Restoration 
.    per  inch  in 
length. 

Successive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

Successive 

permanent 

set  per  inch 

in  length. 

Pounds.       ' 

Inch. 

1 

Inch. 

Inch. 

Inch. 

Inch. 

1,000        I 

.000000 

.000000 

.        .000000 

.000000 

.000000 

.000000 

2,000        1 

.000000 

.000000 

1        .000000 

.000000 

.000000 

.000000 

3,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

4,000 

.000333 

.000333 

.000333 

.000333 

.000000 

.000000 

5.000 

.000333 

.000000 

.000333 

.000000 

.000000 

.000000 

6,000 

.000333 

.000000 

.000333 

.000000 

.000000 

.000000 

7,000 

.000667 

.000334 

I        .000667 

.000334 

.000000 

.000000 

8.000 

.000667 

.000000 

1        .000667 

.000000 

.000000 

.000000 

9,000 

•.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

10,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

11,000 

.000667 

.000000 

.000333 

—.000384 

.000834 

.000384 

12,000 

.000667 

.000000 

.000333 

.000000 

.000384 

.000000 

13,000 

.000667 

.000000 

.000333 

.000000 

.000334 

.000000 

14.000 

.000667 

.000000 

.  000333 

.000000 

.000334 

.ooooob 

15,000 

.000667 

.000000 

.000333 

.000000 

.000884 

.000000 

16.000 

.000667 

.000000 

.000333 

.000000 

.000334 

.000000 
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Table  showing  the  extensionj  restoratioHy  and  permanent  aety  ^c. — Coatiuaed. 

SPECialEN  MARKED  7— Continaed. 


Weight  per 
aqnare  inch  of 
original  area. 

Extension 

per  inch  in 

length. 

Sacceaaive 

extension 

per  inch  in 

length. 

Restoration 

per  inch  in 

length. 

Successive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

SacoesBT? 
!    penoaatat 
'  set  period 

Pounds. 

Inch. 

Irich. 

Inch. 

Inch. 

Inch. 

Jndk 

17,000 

.000667 

.000000 

.000333 

.000000 

.000334 

•  %WWW^Kf 

18.000 

.000667 

.000000 

.000333 

.000000 

.000334 

.000066 

19.000 

.000667 

.000000 

.000333 

.000000 

.000834 

.oootm 

20,000 

.000667 

.000000 

.000333 

.000000 

.000334 

.000000 

21,000 

.000667 

.000000 

.000333 

.000000 

.000334 

.OOOOM 

22,000 

.001000 

.000333 

.000667 

.000334 

.000333 

— .ooeon 

23,000 

.001667 

.000667 

.001333 

.000666 

.000334 

.ooewi 

24,000 

.002333 

.000666 

.001667 

.000334 

.000666 

.oooss 

25.000 

.003000 

.000667 

.002333 

.000666 

.000667 

.000001 

2«,000 

.003333 

.000333 

.003000 

.000667 

.000333 

.000331 

27,000 

.004000 

.000667 

.003333 

.000333 

.000667 

.000834 

28.000 

.006667 

.001667 

.005333 

.002000 

.000334 

—.OOOSS 

29.000 

.006333 

.000666 

.005667 

.000334 

.000666 

.00033: 

30,000 

.006999 

.000666 

.006833 

.000666 

.000666 

.000001 

31.000 

.000333 

.002334 

.008000 

.001667 

.001333 

.000107 

32,000 

.009667 

.000334 

.009000 

.001000 

.000667 

— ^ooiiai 

33,000 

.010667 

.001000 

.009667 

.000667 

.001000 

34,000 

.011667 

.001000 

.010333 

.000666 

.001334 

.00634 

35,000 

.013000 

.001333 

.012333 

.002000 

.000667 

—.ooom 

36,000 

.014333 

.001333 

.013000 

.001667 

.001833 

.ooom 

37,000 

.015000 

.000667 

.014000 

.001000 

.001000 

— wOM333 

38.000 

.017666 

.002666 

.016333 

.002383 

.001333 

.0008S 

30,000 

.018333 

.000667 

.017333 

.001000 

.001000 

^^owm 

40.000 

.019833 

.001000 

.018333 

.001000 
.  001334 

.001000 

.000006 

41,000 

.021000 

.001667 

.019667 

.001333 

.000333 

42.000 

.023000 

.002000 

.021667 

.002000 

.001333 

.000006 

43,000 

.024333 

. 001333 

.023000 

.001333 

.001333 

.000006 

44,000 

.025667 

.001334 

.023000 

.000000 

.002867 

.001334 

45,000 

.028667 

.003000 

.027333 

.004333 

.001334 

—.001333 

46,000 

.031667 

.003000 

.030000 

.002667 

.001667 

.worn 

47,000 

.033000 

.001333 

.  031333 

.  001833 

.001667 

m   ^WWW"^* 

48,000 

.034666 

.001667 

.033000 

.001667 

.001667 

.OOOON 

49,000 

.038000 

.003333 

. 036000 

.003000 

.002000 

.000333 

50.000 

.041000 

.003000 

.039333 

.003333 

.001667 

—.00^ 

51,000 

.043667 

.002667 

.042000 

.002667 

.001667 

•  ^WWW^^f 

52,000 

.045667 

.002000 

.044000 

.002000 

.001667 

.000000 

53,000 

.050667 

.005000 

.048333 

.0C4338 

.002384 

.000617 

54,000 

.054667 

.004000 

.053000 

.004667 

.001667 

— .OOijr 

55.000 

.059667 

.005000 

.057667 

.004687 

.002000 

^^^  •  ^W^WW^p 

56,000 

.062338 

.002666 

.060333 

.002666 

.002000 

OOtOOd 

57,000 

'        .069333 

.007000 

.067667 

«. 007884 

.001666 

^^»   f^^^PW 

58,000 

.076667 

.006334 

.073000 

.005333 

.002667 

.ooion 

50,000 

.080000 

.004388 

.077667 

.004667 

.002333 

—.000934 

60,000 

.088667 

.008667 

.086338 

.008666 

.002334 

H-.ooooei 

61,000 

.098333 

.009966 

.096000 

.009667 

.002333 

— .  oooioi 

62,000 

.109000 

.010667 

.106333 

.010338 

.002667 

.000334 

63.000 

.134333 

.025333 

. 181338 

.025000 

.003000 

.000833 

64,000 

.152000 

.017667 

.148667 

.017834 

.003333 

.000333 

65,000 

.258667 

.106667 

(*) 

(•) 

(*) 

r> 

Specimen  broke. 


GENERAL  SUMMARY. 

^k^edftc  gravity 7.8SM 

Hardness 10.83 

Original  area  of  crosB-seotion sqoareinch..  aM8 

Elastic  limit poands..  10, OM 

Extension  per  inch  at  elastic  limit ^ inch . .  a  OMIT 

Ultimate  resistance  per  square  inch  of  original  area pounds..  tt.664 

Ultimate  ex  tension  per  inch inch . .  0. 25^ 

Ratio  of  elastic  to  ultimate  resistance 6.50 

Contraction  in  area  at  fracture per  cent..  27.82 

Ultimate  resistance  per  square  inch  of  fractured  area  pounds. .  90.06) 

Position  of  fracture neAr  oenttr- 

Character  of  surface crystalline  and  flbrooa,  Biii«i 


J 
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Table  showing  the  extenHon,  reiioration,  and  permanent  set  caused  by  the  undermentioned 
weights  per  square  inch  of  the  primitive  section  acting  upon  a  solid  cylinder  of  Firth^s  steely 
2.999  inches  lotuj  and  .5t>3  inch  in  dianitfer,  taken  from  breech  receiver  of  ll-inch  cham- 
bered  breech-loading  rifle  No.  1  (after  rupture^. 


bPECIMEN  MARKED  8. 


Weight  per 
ftqaareinchof 

Extension 
per  inch  in 

Saccessive 

exteuHion 

per  inch  in 

length. 

Restoration 
per  inch  in 

ori|i^Dal  area. 

length. 
Inch. 

length. 

Pound*. 

Inch. 

Inch. 

1,000 

.000000 

.000000 

.0000(0 

2,000 

.000000 

.000000 

.000000 

3,000 

.000000 

.000000 

.000000 

4,000 

.000333 

.000333 

.000.333 

5.000 

.000333 

.000000 

.000333 

6,000 

.000667 

.000334 

.000667 

7,000 

.000667 

.000000 

.000667 

8,000 

.000667 

.000000 

.000667 

9,000 

.000667 

.000000 

.000667 

10,000 

.000667 

.OOOUOO 

.000667 

11,000 

.000667 

.000000 

.000667 

12.000 

.000667 

.000000 

.000667 

13,000 

.001000 

.000333 

.  00fl3:{:t 

14.000 

.001000 

.000000 

.000.333 

15,000 

.001000 

.000000 

.  000333 

1A,00« 

,001000 

.000000 

.000333 

17,000 

.001000 

.000000 

.00(»33:) 

18.000 

.001000 

.000000 

.00033:1 

19.000 

.001333 

.000333 

.000667 

20,000 

.001668 

.000335 

.000667 

21,000 

.002000 

.000333 

.001000   1 

22,000 

.002334 

.000334 

.001668 

23.000 

.002667 

.000333 

.002000 

24,000 

.003668 

.  00100 L 

.  002667 

25,000 

.004668 

.001000 

.003334 

28,000 

.0t>50U2 

.000334 

.004001 

27,000 

.005335 

.000183 

.004335 

28,000 

.006335 

.001000 

.005335 

29,000 

.007669 

.001334 

.006669 

30,000 

.008336 

.000667 

.007002 

31,000 

.  010.336 

.002000 

.008669 

32,000 

. 011670 

.  001334 

.  010670 

33,000 

.012337 

.000667 

.011004 

34,000 

. 012671 

.000334 

.011337 

35,000 

.014005 

.001334 

.012337 

36,000 

.015005 

.001000 

.013338 

37,000 

.  016672 

.001667 

.015338 

38.000 

.018006 

.001334 

.016339 

39,000 

.0J9673 

.001667 

.  018206 

40,000 

.025008 

.005335 

.  622674 

41,000 

.025342 

.000334 

.023008 

42,000 

.026008 

.000666 

.  023674 

43,000 

.027000 

.001001 

.024675 

44.0U0 

.028676 

.001687 

.026676 

45.000 

.031010 

.002334 

.028343 

46,000 

.  032677 

.001667 

.031344 

47,000 

.  035012 

.002335 

.032344 

48,000 

.  036678 

.001666 

.  034678 

49.000 

.040013 

.00.1335 

.  037679 

50.000 

.042347 

.002334 

.039680 

51,000 

.044015 

.001668 

.041680 

52,000 

.046682 

.002667 

.044015 

53,00U 

.030017 

.  0033:^5 

.046682 

54.000 

.056352 

.006335 

.053684 

55.000 

.0583.>3 

.002001 

.055685 

56,000 

.  061020 

.  002667 

.058019 

67.000 

.068690 

.007670 

.065688 

58,000 

.072024 

.003334 

.069023 

59.009 

.0880-29 

.016005 

.076692 

60,000 

.088696 

.000667 

.085361 

61.000 

.099033 

.010337 

.095698 

62.000 

. 111037 

.012004 

.107369 

63,000 

.  121707 

.010670 

.118039 

64,000 

.149716 

.028009 

.  145716 

65,000 

.176059 

.026343 

(*) 

Saocessive 

restoration 

per  inch  in 

length. 


Inch. 
.OOOOIK) 
.000000 
.000000 
.000333 
.000000 
.0003i4 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
-.000334 
.000000 
.000000 
.000000 
.000000 
.000000 
.000334 
.000000 
.000333 
.000668 
.000332 
.000667 
.000667 
.000667 
.000334 
.001000 
.001334 
.000333 
.001667 
.002001 
.000334 
.000333 
.001000 
.001001 
.002000 
.001001 
.001667 
.004668 
.000334 
.000666 
.001001 
.00-2001 
.001588 
.003001 
.001000 
.002334 
.003001 
. 002001 
.002000 
.002335 
.002667 
.007002 
.002001 
.002334 
.007669 
.003335 
.007669 
.008669 
.  010337 
.  011671 
.010670 
.027676 
(*) 


Permanent 

set  per  inch 

in  length. 


Inch. 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000667 
.000667 
.000667 
.000667 
.000667 
.000667 
.00066G 
.001001 
.001000 
.000666 
.000667 
.  OOIOOl 
.001334 
.001001 
.001000 
.OGIOOO 
.001000 
.001334 
.001667 
.001000 
.001333 
.001334 
.001668 
.001667 
.001334 
.001667 
.001667 
.002334 
.002334 
.002334 
.002334 
.002000 
.002667 
.001333 
.002668 
.002000 
.002334 
.002667 
.002335 
.602667 
.  003335 
.002668 
.002668 
.003001 
.003002 
.003001 
.002337 
.003335 
.003335 
.003668 
.008668 
.004001 
(•) 


Snccessive 

permanent 

set  per  inch 

in  length. 


Inch. 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

.OOiMMX) 

.0<K)000 

.000000 

.00«KMM> 

.000667 

.0  OoOO 

.(KIOOOO 

.O"0000 

.»00000 

.000000 

-. OOuOOl 
.  «MH  335 

-.000001 

-.000334 
.000001 
.  (MI0334 
.  ( 00.333 

-.000333 

— . OoOOOl 
.OOOUOO 
.O'HjOOO 
.  000334 
.  0OU3:{3 
.000667 
.  000333 
.000001 
.000334 

-.000001 

-. 000333 
.  0H0333 
.000000 
.000667 
.000(H)0 
. 000600 
. 000000 

-.  000334 
.000667 

-.  001334 
.001335 

-.0(!0668 
.000.334 
.000333 

-.  0003:^2 
.0C0332 
.00(668 

-.  000«ti7 
.  000000 
.  00«»:<33 
.000001 

-.000001 
.  0003:m 

— .  000098 
.  0('(M  00 
.  000313 

.  00(M  Ui> 

.  0003:i3 


31  OBD 


*  Specimen  broke. 
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GEKBBAL  SUMMARY. 


Specific  gravity — 

Hanlnesa 

Original  area  of  cross-sectiou ^ fiqaiuv  inch 

Elastic  limit .* ponnda 

Extension  per  inch  at  elastic  limit  inch 

intimate  resistance  per  square  inch  of  original  area pom^a 

Ultiiqateexteos'on  per  inch inch 

Batio  of  elastic  to  oltimate  resistance 

Conti  action  in  area  at  fhu^tare per  cMat 

Ultimate  resistance  per  sqoare  inch  of /hu^are<l  area  ponnda 

Position  of  ftractnre «... 

Character  of  surface 


I.I 
0.3(9 

trnm 


43.76 


Table  ahoving  the  extenaiofif  reatoiatiofiy  and  ptrmamnt  set  canaed  by  the  undermemUomi 
weights  per  aquare  ifich  of  the  primitive  section  acting  vpbn  a  aolid  cylinder  of  Firtk't 
atetl  3.004  itichea  long  and  »5G2  inchea  in  diameter^  taken  from  breech-reoeiver  of  li-imA 
chambered  bteech-loading  rifle  So.  1  {after  rupture), 

SPECIMEN  MARKED  9. 


Weight  per 

sqnsre  inch  of 

original  area. 

Extension 

per  inch  in 

length. 

Sncoessive 

extension 

per  inch  in 

length. 

Restoration 

per  inch  in 

length. 

Successive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

SacosMiTe 

permaiieol 

setperiaei 

in  length. 

Pound$. 

Inch. 

Inch, 

Inch. 

Inch. 

Inch, 

JndL 

1,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.OOOOiB 

2,000 

.000000 

.000000 

.000000 

.000000 

.OOOvOO 

.ODOOiO 

3,006 

.000000 

.000000 

.000000 

.000000 

.000000 

.OOOOM 

4,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000090 

6.000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000090 

6,000 

.oooa33 

.000333 

.00U333 

.000338 

.000000 

Qfnani 

7,000 

.000333 

.000000 

.OW'333 

.000000 

.000000 

.  OOOOOB 

8.000 

.000.^)83 

.000000 

.000333 

.000000 

.000000 

.000000 

9.000 

.000333 

.000000 

.000333 

.000000 

.000000 

.  000009 

10,000 

.000338 

.000000 

.000833 

.000000 

.000000 

.000000 

11,000 

.000333 

.000000 

.0003.33 

.000000 

.000000 

.000601 

12,000 

.000333 

.000000 

.000333 

.000000 

.00(1000 

.ooooio 

13,000 

.00(667 

.000334 

.000667 

.000334 

.000000 

•  ^^^www^^ 

14,000 

.000667 

.000000 

.000667 

.000000 

.000000   1 

.000900 

15,000 

.000667 

.000000 

.000667 

.000000   - 

.000000 

.000000 

16,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000600 

17,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

18,000 

.000667 

.000000 

.000667 

.000000   ■ 

.000000 

!oooooo 

19.000 

.000667 

.000000 

.000667 

.000000 

.000000   1 

.000000 

2U.000 

.000099 

000332 

.000999 

.000332 

.OOOfOO 

.000000 

21,000 

.001332 

.  0U0:i33 

.000333 

.000666 

.000990 

.OOOMO 

22,000 

.001664 

.000332 

.000666 

.000333   1 

.000998 

—  .000001 

23.000 

.001664 

.000000 

.000666 

.000000 

.000998 

.000000 

24.000 

.002330 

.000666 

.001332 

.000666 

.000998 

.  OMOOO 

25.000 

.002630 

.000300 

.001664 

.000332   ' 

.000966 

—  .000009 

26.000 

.00S996 

.000366 

.002330 

.000666 

.000666  ' 

.OOOOitt 

27.000 

.003329 

.000333 

.002330 

.000000 

.000999 

..OOOSS 

28.000 

.004993 

.001664 

.003662 

.001332 

.001331 

.O0033S 

tt.OOO 

.006658 

.001665 

.005326 

.001664 

.001332 

.000001 

30,000 

.006991 

.000333 

.005659 

.000333 

.001382 

.0000^ 

31,000 

.007989 

.000998 

.006658 

.000999 

.001331 

—  .000001 

32,000 

.008655 

.000666 

.007323 

.000665 

.001332 

.000001 

33,000 

.008988 

.000338 

.007989 

.000666 

.000999 

.O0O3S3 

84,000 

.009987 

.000999 

.008655 

.000666 

.001332 

.000333 

35,000 

.010985 

.000998 

.009654 

.000999   1 

.001331 

—  .000001 

36.000 

. 011984 

.000999 

.010652 

.000998   1 

.001332 

.000001 

37,000 

.012982 

.000998 

. 011651 

.000999 

.001331 

—  .000001 

38,000 

.  014314 

.001332 

.012650 

.000999 

.001664 

.000833 

39,000 

.016644 

.002330 

.  014980 

.002330 

.001664 

—  .000000 

40,000 

.  017643 

.000999 

.016311 

.  001331   I 

.001332 
.001665 

—  .000831 

41,000 

.018975 

.001332 

. 017310   ( 

.000999 

.ooom 

42,000 

.020639 

.001664 

.018642 

.001332 

.001997   ' 

.ooosst 

43,000 

.  021971 

.001332 

.020306 

.001664 

.001665 

—  .ooont 

44,000 

.023635 

.001664 

.  021305 

.000999   ' 

.002330   1 

.000065 

45,000 

.024967 

.001332 

.022036 

.001331 

.002331 

.000001 

46.000 

.028296 

.003329 

.026298 

.003662   1 

.  001908 

—  .0003S 

47.000 

.  029974 

.001678 

.027966 

.001668 

.001998 

—  .000000 

48,000 

.031957 

.001083 

.  02$'627 

.  001661 

.002330 

.ooQsa 

49.000 

.034288 

.002331 

. 031957 

.  00233U 

.002331 

.000001 

50.000 

.036285 

.001997 

.  033288 

.001331 

.002997   ' 

+  .00060$ 

51,000 

.  038282 

.001997 

.  03.5952 

.  002664 

.002330 

—  .ooooor 

52,000 

.040012 

.  002330 

. 037616 

.001664 

.002096 

.  000001 

53,000 

.  045939 

.005327 

.043608 

.005992   1 

. 002331   « 

—  .00006 

k 
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Tnhle  showing  the  extension,  reetorationf  and  permanent  set,  ^c. — Continued. 

SPECIMBN  MARKED  0-Continaed. 


"Weight  per 
aqaare  incn  of 
original  area. 

Extension 

per  inch. in 

length. 

Inch. 

SacceMive 

exty^naion 

per  inch  in 

length. 

Reatomtion- 

per  inch  in 

length. 

Inch. 

Staoceaaive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

Snooeaaive 

permanent 

aet  per  Inch 

in  length. 

PovndM. 

/ndL. 

Inch. 

Inch. 

Inch. 

54,000 

.048601 

.00266^ 

.045939 

.002331 

.002662 

.000331 

55,000 

.052260 

.003650 

.049933 

.003994 

.002327 

—  .000335 

56,000 

.055692 
.064580 

.003332 

.052263 

.002330 

.003329 

.001002 

57,000 

.008988 

.061584 

.009321 

.002996 

—  . 000333 

58,000 

.067900 

.003329 

.065246 

.003662 

.0U2663 

.000333 

50.000 

.072908 

.004994 

.068242 

.002996 

.004661 

.001908 

00,000 

.074900 

.001997 

. 071571 

.00H320 

.003329 

—  .  001332 

ei.ooo 

.086884 

.011984 

.083888 

.  012317 

.002996 

—  .000333 

62.000 

.006537 

.009653 

.093542 

.009654 

.002095 

—  .000001 

63,000 

.104860 

.008323 

.101198 

.007666 

.003662 

.000667 

64.000 

.122836 

.  017976 

.118841 

.  017643 

.003995 

.000338 

65.000 

.147803 

.024967 

. 144141 

.025300 

.003662 

—  .000333 

66,000 

.261318 

.  113515 

(*) 

(-) 

(') 

(•) 

*  Specimen  brolce. 

GENERAL  SUMMART. 

Specific  gravity 7.8531 

Xuurdneaa ....     10.15 

Original  area  of  croaa-aeotion aqnareinoh..    0.248 

Klaaticlimit pounds..        20,000 

Sx tenaion  per  inch  at  elastic  limit < inch . .    0. 000099 

Ultimate  resiAtanoe  per  square  inch  of  original  area pounds..       66.000 

Ultimate  extension  per  inch inch . .    0. 261818 

K»tio  Of  elastic  to  ultimate  resistance 3.30 

Contraction  in  area  at  fracture percent..  43.18 

intimate  rMistauce  per  square  inch  of  fractured  area pounds..      116.288 

Position  of  fracture .* near  center. 

Charaoter  of  surCaco fibrous. 


Tahte  showing  the  extension,  restoratiofii  and  permanent  set  caused  by  the  undermentioned 
weights  per  sqwire  inch  of  area  acting  upon  a  solid  cylinder  of  Mrth^s  steel  3  inches  long 
and  .559  inch  in  diameter,  taken  from  breech-receiver  of  ll-t?ic^  chambered  breech-loading 
rifle  No,  1  {ajter  rupture). 

SPECDklEN  MARKED  10. 


^Weight  per 

square  incn  of 

original  area. 

Extenaion 

per  inch  in 

length. 

Inch. 

Succeasive 

extension 

per  inch  in 

length. 

Reatoration 

per  inch  in 

length. 

Suoceaaive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

Successive 

permanent 

aet  per  inch 

in  length. 

Poundi. 

Inch. 

»     Inch. 

Inch. 

Inch. 

Inch. 

1,000 

.oouooo 

.000000 

.000000 

.000000 

.000000 

.000000 

2,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

3,000 

.000000 

.000000 

.000000 

.000000 

.OOOuOO 

.000000 

4,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

5,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

6.000 

.000000 

.ooooOo 

.000000 

.000000 

.000000 

.000000 

7,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

8,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

9,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000060 

10,000 

.000000 

.000000 

.OOl'OOO 

.000000 

.000000 

.000000   • 

11,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

12.000 

.000333 

.000333 

.000333 

.000333 

.000000 

.000000 

13.0U0 

.000667 

.000334 

.000667 

.000334 

.000000 

.000000 

14.000 

.000667 

.000006 

.000667 

.000000 

.000000 

.000000 

15,000 

.000667 

.000000 

.000667 

.OOOOOO 

.000000 

.000000 

16,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

17.000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

18,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

19,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.006000 

20,000 

.000667 

.000000 

.000667 

.000000 

.000000 

1        .000000 

21,000 

.009667 

.ouoooo 

.000667 

.000000 

.000000 

. OOOOO 1 

22.000 

.000667 

.000000 

.000667 
.000667 

.000000 

.000000 

.ocuooo 

23,000 

.000667 

.000000 

.000000 

.        . OOOOOO 

,        .000000 
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Table  showing  the  extenaioHy  restoralioiij  and  peitnaneni  «c^,  jfc. — CoDtinued. 

SPECIMEN  MARKED  10-ContiDned. 


Weight  »er 

sqaare  intui  of 

original  area. 

Ext^ndion 

per  inch  in 

let)}(th. 

Inch. 

Successive 

extcnnioQ 

per  inch  in 

length. 

Jneh. 

.  KeHtoration 
p<ir  inch  in 
length. 

Inch. 

Successive 

restoration 

per  in(fh  in 

length. 

Pennanent 

set  per  inch 

in  length. 

pemuftcA 

set  per  loti 

io  W^ 

PoundM. 

Jneh. 

Inch. 

Jnek. 

24,000 

.000067 

.000000 

.000667 

.000000 

.oouooo 

.O0OM 

25,000 

.001333 

.000666 

.000667 

.000000 

.000660 

.OMM^t 

215,000 

.00?333 

.001000 

.001338 

.000666 

.OUlOOO 

.0Plg4 

27.000 

.003067 

.001334 

.002667 

.001334 

.001000 

.OMM 

28,000 

.004667 

.001000 

.003667 

.001000 

.001000 

*  iM^PW^* 

29,000 

.005333 

.000666 

.004333 

.000666 

.001000 

.OuOM 

30,000 

.006000 

.000667 

.005000 

.000667 

.001000 

'^SH 

31,000 

.006667 

.000667 

.005667 

.000667 

.001000 

«  v^^^^^^ 

32,000 

.009000 

.002383 

.007833 

.001666 

.001667 

.O0MB7 

38.000 

.010000 

.001000 

.008333 

.001000 

.001667 

*  IWW^^^V 

34,000 

.010667 

.000667 

.009000 

.000667 

.001667 

.MMO» 

35,000 

.011667 

.001000 

.010000 

.001000 

.001667 

.Qtsm 

86.000 

.012000 

.000333 

.011667 

.001667 

.000333 

,  —  .001» 

37,000 

.013000 

.001000 

.012000 

.000338 

.001000 

1         .OPMT 

3A,000 

.014000 

.001000 

.012333 

.000883 

.001667 

.006617 

89.000 

.015000 

.001000 

.013333 

.001000 

.001667 

•  W^^^^^f 

40.000 

.016333 

.001333 

.015000 

.001667 

.001833 

—  .0(WM 

41,000 

.010383 

.003000 

.017833 

.002333 

.002000 

.000117 

42.000 

.  020333 

.001000 

.018667 

.001834 

.001666 

—  .00W4 

43,000 

.021333 

.001000 

.010333 

.000666 

.002000 

.ooesM 

44.000 

.022333 

.001000 

.020383 

.001000 

.002000 

45,000 

.1)24000 

.001667 

.022833 

.002000 

.001667 

46,000 

.027000 

.003000 

.024667 

.002334 

.002833 

•  ^^^^^^^ 

47,000 

.028667 

.001667 

.026667 

.002000 

.002000 

—    MBS 

48,000 

.030667 

.0020»0 

.028383 

.001666 

.002334 

.O0I8M 

49,000 

.032667 

.003000 

.030000 

.001667 

.002667 

.ooosn 

50,000 
51,000 

*••••         -••• 

"".'036333  '*' 

"".003666  " 

'  ".*633667*" 

".063667"' 

"Vooaiw"" 

-.OM«l 

52,000 

.038667 

.002334 

.036000 

.002333 

.002667       • 

.000691 

53.000 

.041667 

.003000        , 

.039000 

.003000 

.002667 

.oeoo« 

54,000 

.045333 

.003066 

.042667 

.003667 

.002066 

—  .000001 

55,000 

.048833 

.003000 

.045667 

.003000 

.002666 

OOOON 

56,000 

.052000 

.003667 

.04X333 

*    .003666 

.002667 

.000091 

57,000 

.056000 

.004000 

.052667 

.003334 

.018333 

.OOOOtt 

58,000 

.059338 

.003333 

.055667 

.003000 

.003668 

000333 

50,000 

.062667 

.003334 

.059667 

.004000 

.003000 

..00000 

60,000 

.067333 

.004666 

.063667 

.004000 

.003666 

.oooon 

61,000 

.074833 

.007000 

.071000 

.007338 

.008333 

—  .OOOBJ 

62,000 

.079667 

.005334 

.076000 

.005000 

.008667 

.000334 

63,000 

.091000 

. 011333 

.087333 

.001138 

.003667 

. 009000 

64,000 

.098667 

.007667 

.095300 

.007667 

.003667 

.000009 

65,000 

.116000 

.017333 

.112900 

.017000 

.004000 

.000133 

66,000 

.136667 

.020667 

.182667 

.020667 

.004000 

.000099 

67,000 

.243667 

.107000 

(*) 

n 

(•) 

t 

r> 

*  specimen  broke. 


GENERAL  SUMMARY. 

Specific  gravity "^-^ 

Hardness •'•    u 

Original  area  of  cross-section sqaare  inches . .    0.  Jw* 

Elastic  limit pounds..       ^JJJ 

Extension  per  inch  at  elastic  limit inch..    ^JfJ 

Ultimate  resistance  per  square  inch  of  original  area  pounds. .      ^J^ 

Ultimate  extension  per  inch..' inch..     O.S43P' 

Ratio  of  elastic  to  ultimate  resistance ^^ 

Contraction  in  area  of  fracture percent..  **'?ei4 

Ultimate  resistance  per  sqaare  inch  of  fractured  area pounds. .     1^ '- ' 

Position  of  fracture nearcaBt** 

Character  of  surface llbrt«'^ 
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^able  showifig  the  extension,  restorationy  and  permanent  set  cavsed  by  the  undermentioned 
weights  per  square  inch  of  area  acting  upon  a  solid  lyliitdei-  of  Firth^s  steel,  2.99*3  inches 
long  and  .564  inches  in  diameter,  taken  fronk,  breech  receiver  of  ll-inch  chambered  breech- 
loading  rifle  No.  1  (after  rupture). 


SPECIMEN  MARKED  11. 


Weight  per 

«qanre  inch  of 

original  area. 

Extension 

per  inch  in 

length. 

Snccessive 

extension 

per  incb  in 

length. 

Restoratian 

per  inch  in 

length. 

Inch. 

Successive 

restoration 

per  inch  in 

length. 

Permanent 

set  per  inch 

in  length. 

Inch. 

Saccessive 

permanent 

set  per  inch 

in  length. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

1,000 

.000000 

.000000 

.OlJOOOO 

.000000 

.000000 

.000000 

2,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

3,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.000000 

4,000 

.000334 

.000334 

.000334 

.000334 

.000000 

.000000 

5,000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

0.000 

.000334 

.000000 

.000334 

.000000 

.000000 

.000000 

7,000 

.000334 

,000000 

.000334 

.000000 

.000000 

.000000 

8,000 

.000668 

.000334 

.000668 

.000334 

.000000 

.000000 

9.000 

.000668 

.000000 

.0O064i8 

.000000 

.000000 

.000000 

10,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

11,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

12,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

13,000 

.000668 

.000000 

.000668 

.000000 

.000000 

.000000 

14,000 

.001002 

.000334 

.000334 

—.000334 

.000608 

.000668 

15,U00 

.001002 

.000000 

.000334 

.000000 

.000668 

.000000 

16,000 

001002 

.000000 

.000334 

.000000 

.000668 

.000000 

17,000 

.001002 

.000000 

.000334 

.OOOiOO 

.000668 

.000000 

18,000 

.001336 

.000334 

.000668 

.000334 

.000668 

.000000 

19,000 

.002005 

.000669 

.001336 

.000668 

.000669 

.000001 

20,000 

.002673 

.000668 

. 002005 

.000669 

.000668 

—.000001 

21,000 

.003007 

.000334 

.002339 

.000334 

.000668 

.000000 

22.000 

.003341 

.  001*334 

.002673 

.090334 

.000668 

.000000 

23,000 

.003341 

.000000 

.002673 

.000000 

.000668 

.ooocoo 

24.000 

.  003341 

.000000 

.002673 

.000000 

.000668 

.000000 

25,000 

.004009 

.001668 

.003007 

.000334 

.001002 

.000334 

20.000 

.004343 

.000334 

.004009 
.004343 

.001002 

.000334 

—.000668 

27,000 

.  005.346 

.001003 

.000334 

.001003 

.000669 

28,000 

.006682 

.001836 

.005346 

.001003 

.  001336 

,000333 

29,000 

.007347 

.000665 

.006014 

.060668 

.001333 

—.000008 

^.GOO 

.009021 

.001674 

.007685 

.001671 

.001336 

.000003 

81,000 

.010023 

.001002 

.008353 

.006668 

.001672 

.000334 

32,000 

.  011026 

.001003 

.009355 

.001002 

. 001667 

.000001 

83,000 

.011691 

.000665 

.010692 

. 001337 

.000999 

—.000672 

34,000 

.012696 

.001005 

.  012028 

.001336 

.000668 

—.000331 

35,000 

.014367 

.001671 

.012362 

.000334 

.002005 

.001337 

80.000 

.015035 

.000668 

.013699 

.001337 

.001336 

—.000669 

37,000 

.016037 

.001002 

.014367 

.000668 

.001670 

.000334 

88.000 

.016706 

.000669 

.01^09 

.001002 

.001337 

.000338 

39,000 

. 017708 

.001002 

.01')U37 

.000668 

.001671 

.000334 

40.000 

.019044 

.001336 

.017174 

.001337 

.  001670 

—.000001 

41,000 

.020047 

.0ul003 

.018711 

.001337 

.001336 

.000334 

42,000 

.022385 

.002338 

. 020715 

.002004 

.001670 

.000334 

43,000 

.024390 

.002005 

.021717 

. 001002 

.002673 

.001003 

44,000 

.025727 

.001337 

. 024056 

.002339 

.001671 

— .  001002 

45,000 

.027063 

.0<i2336 

.  025727 

.001671 

.001336 

—.000335 

46,000 

.031072 

.004009 

.028734 

.003007 

.002338 

.001002 

47,000 

.  032075 

.001003 

.029402 

.000668 

. 002673 

.000335 

48,000 

.  034748 

.002673 

.  032075 

.002673 

.  002673 

.000000 

49.000 

.086084 

.  001.336 

.034413 

.002338 

.  001671 

—.000002 

50,000 

.038089 

.002005 

.036084 

.001671 

.002005 

.000334 

51,  (MM) 

.040093 

.002004 

. 037421 

. 001337 

.  002672 

.000667 

52,000 

.043768 

.003675 

.041096 

.003675 

.002672 

.000000 

53.000 

.  045770 

.002002 

.  043HM) 

.002004 

.  0«2670 

—.000002 

54,000 

.  049449 

.0a3679 

.046442 

.003342 

.  003007 

.000337 

55,000 

.053458 

.004009 

.050785 

.004343 

.  0<»2673 

—.000334 

56.000 

. 057467 

.004009 

.064457 

.003672 

.  003010 

.000337 

57,000 

.  061477 

.004010 

.058136 

.  003679 

.003341 

.000331 

58,000 

.063812 

.002335 

.060808 

.002672 

.003004 

—.000337 

59.000 

. 073171 

.010359 

.069830 

.009022 

.003341 

.  (00337 

«0.000 

.076846 

.003675 

.071173 

.004343 

.002673 

—.000668 

61,000 

.082192 

.005346 

. 078851 

.004678 

.003341 

.000668 

62.000 

.091881 

.009689 

.088206 

.009355 

. 003675 

4.000334 

63,000 

.102907 

.011026 

.099231 

.011025 

.003676 

.000001 

64.000 

.109255 

.006348 

. 105579 

.006348 

.003676 

.000000 

65,000 

.125961 

.016706 

.122285 

.016706 

.003676 

.000000 

66.000 

.  151352 

.025391 

.147340 

.025055 

.  004012 

.000336 

67,000 

.283211 

.081889 

• •■•• *•••••• 99 
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OENBKAL  SUMMARY. 

Sp«ciflo  (fravity 7.„ 

Hardness •. IOlJT 

Original  area  of  oroBs-section  sq.  inch* 

KlastioUmit pounda.. 

Extension  per  inch  at  elastic  limit Inch.. 

mUms t e  resistance  per  square  inch  of  original  area pounda . . 

Ultimate  extension  per  inch .«. inch.. 

Batio  of  elastic  to  ultimate  resistance \'.    &.!> 

Contraction  in  area  at  fracture ^.43  per 

Ultimate  resistance  per  square  inch  of  fractured  area pounda  llA,fC 

Position  of  fracture neareeatff. 

Character  of  surface fibrous  and  cTjwt^S&& 


11.90 
O.WHK 


Table  showing  the  extension^  resioration,  and  permanent  set  cavsed  bjf  the  underwuntie^ 
Wffwhi9  per  square  inch  of  area  acting  upon  a  solid  cylinder  of  Firth* s  steel,  3  inches  hmg 
and  .561  inches  in  diamelrTf  taken  from  breech  receiver  o/ll-tnoA  chambered  breech-ioa£af 
rifle  No.  1  {after  rupture). 


SPECIMEN  MABEIED  12. 

« 

Weight  per 
square  inch  of 
original  area. 

Extension 

per  inch  in 

length. 

Inch. 

Sncceasire 

extension 

per  inch  in 

length. 

Reatoratien 

per  inch  in 

length. 

Successive 

restoration 

per  inch  in 

length. 

Pennaaent  1  ®2SSS^ 
set  per  inch  .  P?]2J^ 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

Jntk. 

1,000 

.000000 

.000000 

.000000 

.000000 

.000000* 

.OOMM 

2,000 

.000000 

.000000 

.000000 

.000000 

.000000 

.0066W 

8,000 

.000333 

.000333 

.000333 

.000333 

.000000   1 

■  0900N 

4.000 

.000333 

.000000 

.000333 

.000000 

.000000 

.OWSM 

5,000 

.000333 

.000000 

.000333 

.000000 

.000000 

•  OO006t 

6,000 

.000333 

.000000 

.000333 

.000000 

.000000 

■  00006t 

•7,000 

.000338 

.000000 

.000333 

.000000 

.000000 

.  BOMIO 

8,000 

.000333 

.000000 

.€00338 

.000000 

.000000 

.OOMOO 

9.000 

.000667 

.000334 

.000667 

.000334 

.000000 

.000000 

10,000 

.000667 

.000000 

.000667 

.000000 

.000000 

>  000600 

11,000 

.000667 

.000000 

.*000667 

.000000 

.000000 

.000010 

12,000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

18.000 

.000667 

.000000 

.000667 

.000000 

.000000 

.000000 

14,000 

.001000 

.000833 

.001000 

.000888 

.000000 

ooooeo 

15,000 

.001000 

.000000 

.001000 

.000000 

.000000 

OOOiOft 

10,000 

.001000 

.000000 

.001000 

.000000 

.000000 

ooems 

17,000 

.001000 

.000000 

.001000 

.000000 

.000000 

000009 

18,000 

.001338 

.000833 

.000833 

—  .000667 

.001000 

OOIOM 

19,000 

.001833 

.000000 

.000333 

.000000 

.001000 

OOOtM 

20,000 

.001667 

.000334 

.000667 

.000334 

.  001000   1 

0Ott(H 

21,000 

.002000 

.000333 

.001333 

.000666 

.000667    —  . 

oooss 

22,000 

.003000 

.001000 

.002000 

.000667 

.001000 

000S3S 

23.000 

.004000 

.001000 

.002667 

.000667 

.001383 

00033) 

24,000 

.004667 

.000667 

.003667 

.001000 

.  001000    —  . 

ootan 

25.000 

,005667 

.001000 

.004667 

.001000 

.001000 

otmm 

26,000 

.006667 

.001000 

.005338 

.000''66 

.001334 

aostm 

97,000 

.007333 

.000666 

.  OO660O 

.000667 

.  001.3.33    -.  . 

ooooei 

28,000 

.008000 

.000667 

.006667 

.000667 

.  001333   ; 

ooioit 

29,000 

.008333 

.000333 

.007000 

.000833 

.001833   ' 

oooeio 

80,000 

.009000 

.000667 

.007838 

.0003.33 

.001667 

000334 

31,000 

.  010333 

.001333 

.009000 

.001067 

.001333    —  . 

0008M 

82.000 

.011333 

.001000 

.010000 

.001000 

.001333 

oooeio 

83,000 

.012333 

.001000 

.OltOOO 

.001000 

.001333 

ooooit 

84.000 

.013000 

.000667 

.011667 

.000667 

.001333 

00000» 

85.000 

.014000 

.001000 

.012667 

.001000 

.001333 

OOOOM 

86. 000 

.015667 

.001667 

.014000 

.001333 

.001667 

0003M 

87.000 

.016667 

.OOlUOO 

.015333 

.001333 

.001334   ,  -.  . 

ooiss 

38,000 

.018000 

.001333 

.016000 

.000667 

.002000 

OOOM* 

80.000 

.019333 

.001333 

. 017333 

.001333 

.002000 

OOOOM 

40.000 

.020667 

.  001334 

.019000 

.001667 

.001667    —  , 

000339 

41,000 

.0223.33 

.001666 

.020667 

.001667 

.  001666    —  . 

00»O1 

42,000 

.0-24000 

.001667 

.022333 

.1)01666 

.001667 

000001 

43,000 

.02.'i338 

.001333 

.  023333 

.  0«U000 

.002000 

oooss 

44.000 

.027000 

.001667 

.025000 

.001667 

.002000 

OOOOM 

45,000 

.  030333 

.003333 

.028333 

.003333 

.002000 

foom 

46,000 

.032333 

.002000 

.030333 

.002000 

.002000 

OQ^QI^ 

47.000 

.  03^:133 

.00300«) 

. 032667 

.002334 

.002666 

OOOOK 

48.000 

.  037000 

.001667 

.034667 

.002000 

.002333    —  . 

ooes 

40. 000 

.038667 

.001667 

.016333 

.0016^6 

.002334 

OOflOtl 

50.000 

.040333 

.001666 

.037667 

.0013.34 

.002666 

OOiaSf 

51.000 

.0423:i3 

.002000 

.040000 

.002334 

.002388    _  . 

000333 

52,000 

.048000 

.005667 

.045333 

.005383 

.002667 

ftf^fiyyf 
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Table  Bhowing  the  exienaionf  reet&ration^  and  permanent  sety  ^o. — Continned. 


Weight  per 
square  inch  of 
original  area. 


Pound$. 
53,000 
64,000 
65,000 
50.000 
57,000 
58,000 
59,000 
60.000 
61,000 
62.000 
63,000 
64,000 
65,(N>0 
66.000 
67,000 


Extension 

per  inch  in 

length. 


Inch. 
.040667 
.053667 
.057667 
.062000 
.066333 


.070667 
.075667 
.081333 
.094667 
.104000 
.118667 
.134000 
.1.58833 
»244000 


Sncce««ive 

exteusiuD 

per  inch  in 

length. 


Inch. 
.001667 
.004000 
.004000 
.004333 
.004333 


.004334 
.005000 
.005669 
.013334 
.009333 
.014667 
.015.133 
.024333 
.085667 


Rf^tomtinn 

per  inch  in 

length. 


Inch. 

.047333 

.051000 

.055500 

.059000 

.063667 


Roccesnive 

r©««tonition 

per  inch  in 

length. 


.067333 
.072333 
.078667 
.092000 
.100667 
.115000 
.130338 
.154667 
(*) 


Inch. 
.002000 
.003667 
.004000 
.004000 
.004667 


Permanent 

sot  periach 

in  length. 


.003666 
.005000 
.006334 
.013333 
.008667 
.0043^ 
.015333 
.024334 
(•) 


Inch, 

.002334 

.002667 

.002667 

.003000 

.002666 


.003334 
.003334 
.002666 
.002667 
.003333 
.003667 
.003667 
.003666 
(•) 


Sacoesflive 

permanent 

iet  per  inch 

in  length. 


Inch. 

—  .000333 
.000333 
.000000 

+  .000333 

—  .000334 


.000668 
.000000 

~  .000668 
.000001 
.000666 
.000334 
.000000 

—  .000001 
(*) 


*  Specimen  broke. 


OBNBRAX  SUMMARY. 


Speoiilo  gravity # 7.852T 

HflrdneM 10.82 

Original  area  of  oroBS-teotion square  inche«..    0.2471 

Elastic  limit  .: pounds..       17,000 

Bztension  per  inch  at  elasUo  limit    inches . .    0. 00 1000 

Ultimate  resistance  per  square  inch  of  original  area pounds..       67,000 

Ultimate  extension  per  inch    inches..    0.244000 

Ratio  of  elastic  to  ultimate  resistance 8.04 

Contractfon  in  area  at  firactare I>er  cent..  89.01 

Ultimate  resistance  per  square  inch  of  fractured  area X>o°i^^b..      109,852 

Position  of  fhtcture near  center. 

Character  of  surface fibrous 
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Appendix    3  f  > . 

REPORT  ON  THE  8-INCH  BREECH-I.OADING  CHAMBERED  RIFLE  No. 

(5  plates.) 

Five  8inch  B.  L.  rifles  were  made  by  the  departineut,  under  the  con- 
tracts for  the  year  ending  Jane,  1881,  and  these  were  proved  by  the  as- 
sistant to  constructor  of  ordnance  at  Sandy  Hook,  N.  J.  One  of  these 
^uns  broke  at  the  third  round,  the  breech-receiver  breaking  through 
the  front  end  of  slot  for  breech-block,  and  this  rear  part  with  the  block 
was  thrown  violently  to  the  re^ir  a  considerable  distance.  Attention  of 
the  department  was  then  called  to  the  fact  that  the  front  corners  of  the 
breech-slot  were  square  and  not  rounded,  as  is  usually  dune  where  two 
surfaces  of  steel  or  iron  are  at  right  angles  to  each  other.  It  was  then 
thought  that  this  sharp  angle  furnished  an  initial  point  to  start  rup- 
ture, and  WHS  the  principal  cause  of  this  rupture.  By  your  direction, 
therefore,  this  gun  had  these  corners  rounded  (Plate  I)  and  the  Board 
was  directed  by  you  to  fire  it  100  rounds.  The  trial  commenced  Novem- 
ber 11,  1881,  with  50  pounds  of  powder  (10  A,  No.  7,  density  1.785,  gran- 
ulation 67),  and  179-pound  ]>rojectile,  Hotchkiss,  and  was  continued  from 
time  to  time  (delays  being  occasioned  by  projectiles  not  being  delivered 
on  time)  until  December  10, 1881,  when  the  100  rounds  were  cofaipleted. 
As  the  average  velocities  and  pressures  had  only  been  1,527  feet,  and 
32,606  pounds,  respectively,  at  the  suggestion  ot  the  Board,  approved  by 
you,  the  gun  was  authorized  to  be  fired  25  additional  rounds,  changing 
the  character  of  the  powder,  so  as  to  obtain  increased  pressures  and  ve- 
locities. This  firing  was  commenced  December  28,  1881,  and  15  rounds 
were  fired  giving  an  average  pressure  pf  43,600  pounds,  and  1662.6  feet 
velocity. 

The  powder  was  here  again  changed,  it  being  determined  to  run  up  the 
pressures  somewhat  higher  tor  the  last  10  rounds,  and  this  was  accord- 
ingly commenced,  but  at  the  7th  round  with  this  powder  the  gun  burst 
violently,  the  rupture  being  tangential.  The  average  (leaving  out  the 
last)  pressures  and  velocities  with  this  powder  were  51,000  pounds  and 
1,710  ieet,  respectively.  These  pressures  are  not  regardeSi  as  exces- 
sive, and  as  the  weight  of  charge  of  powder  for  which  the  gun  was 
chambered  was  not  exceeded,  it  was  an  occasion  very  likely  to  arise  in 
service,  in  using  powders  of  same  density  and  granulation.  The  last 
pressure  was  not  counted  in  making  up  the  average,  as  it  was  probably 
exaggerated  by  the  pressure  plug  being  thrown  violently  against  a 
shield  placed  in  rear  of  the  gun,  and  the  velocity  for  this  round  was 
lower  than  the  former  ones,  while  the  pressures  for  the  latter  were 
lower  and  quite  uniform. 

A  sketch  of  the  fragments  as  they  lay  after  the  explosion  is  herewith 
appended  (Plate  II). 

A  sketch  of  the  fragments  showing  powder  stains  is  also  inclosed 
(Plate  III). 

Sketches  of  the  fragments  as  they  were  collected  and  assembled 
together  after  explosion  are  also  inclosed  (Plates  IV  and  Y). 

The  record  of  firing  is  also  forwarded  with  these  papers. 
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•  , 

The  Board  is  not  able  to  state  with  certainty,  from  the  resalts  with 
this  one  gun,  that  the  rounding  of  rhe  corners  of  the  breech-slot  saved 
it  from  longitudinal  mixture,  but  the  experiment  seems  to  point  in  that 
direction.  The  tangential  rupture,  although  unexpected,  did  not  occur 
until  after  the  gun  had  endured  a  severe  test,  and  it  showed  that  the 
gun  was  about  equally  strong  in  all  its  parts,  and  that  this  chambering 
of  55  pounds  is  too  great  for  a  gun  of  this  caliber. 

In  this  connection  the  Board  would  like  to  offer  the  following  state- 
ment: 

The  procurement  of  muzzle-loading  converted  guns  by  lining  cast- 
iron  with  wrought-iron  tubes  by  the  department  was  certainly  justified 
by  the  successful  tests  to  which  they  were  subjected  at  the  Sandy  Hook 
proving  ground ;  but  the  ne^jessity  of  obtaining  B.  L.  rifles  was  so  evi- 
dent that  the  department  authorized  the  trial  of  an  8-inch  B.  L.  rifle 
with  the  Krupp  fermeture  (supposed  at  that  time  to  be  the  best  known), 
and  its  suc<^ssful  trial  up  to  500  rounds  warranted  the  procurement  of 
others  of  the  same  caliber  for  service,  and  of  some  larger  calibers  for 
trial  at  least,  but  the  result  of  recent  experiments  shows  very  clearly  the 
difficulty  of  procuring  steel  in  suoh  large  masses  of  the  requisite  quali- 
ties for  constructions  of  this  character. 

When  a  material  possesses  such  a  superiority  in  respect  of  strength^ 
ductility,  and  light  elastic  limit,  as  does  good  steel  compared  with  any 
other  form  of  iron,  and  when  for  commercial  purposes,  such  as  bridge 
trusses,  ship  plates,  boiler  plates,  and  rails,  structures  liable  to  be  ex- 
posed to  great  strains,  to  violent  shocks,  or  both,  it  is  surely  replacing 
wrought  iron  as  the  latter  replaced  cast  iron  whenever  possible,  it  seems 
that  the  future  use  of  steel  in  gun  construction  is  a  foregone  conclusion. 

Alth6ugh  difficulty  has  been  encountered  in  procuring  a  uniform  pro- 
duct where  the  substance  has  to  be  used  in  large  masses,  it  cannot  be 
asserted  that  there  is  any  inherent  difficulty  that  cannot  be  overcome. 

Uniformity  of  yield  depends  upon  many  factors,  some  of  which  are  un- 
known quantities,  and,  in  the  present  state  of  science,  may  be  unknow- 
able; but  a  knowledge  of  the  circumstances  which  influence  the  product 
is  rapidly  increasing.  It  is  probable  that  the  quality  of  steel  required 
for  gun  construction  has  not  been  thoroughly  and  systematically  inves- 
tigated in  1:his  country,  and  that  such  an  investigation  carefully  and 
judiciously  pursued  would  be  of  great  value  to  the  government  directly, 
and  indirectly  to  all  concerned  in  steel  manufacture. 

The  system  to  be  pursued  is  indicated  by  the  successful  efforts  of  Uie 
Ordnance  Department  to  increase  the  strength  and  homogeneity  of  cast 
iron.  Uniform  treatment  in  preparing  ores,  in  their  reduction,  in  the 
graduated  mixture  of  the  resulting  pig  iron,  infusion  in  the  air  furnace^ 
supplemented  by  a  careful  examination  and  comparison  of  the  qualities 
of  the  completed  product,  its  application  to  gun  construction,  and  a  com- 
parison of  the  metal  in  such  guns  as  gave  high  endurance,  with  new 
guns  made  under  precisely  the  same  circumstances,  threw  a  flood  of 
light  upon  a  system  which  has  been  largely  empirical. 

To  diminish  the  first  cost  of  experimentation,  and  to  undertake  w^hat  can 
probably  be  achieved  in  this  country  with  the  experience  and  mechani- 
cal appliances  now  in  existence,  the  construction  of  a  field  gun  of  3.5 
inches  caliber  could  be  attempted.  If  successful,  an  order  for  eight 
might  be  given  as  a  stimulus  to  the  successful  producers  of  a  single  one. 

Before  giving  an  order,  or  asking  for  the  money  necessary  to  do  so, 
a  careful  study  of  the  resources  of  the  steel  establishments  should  be 
undertaken.  * 
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For  the  Bessemer  ste^l  producers  of  America,  this  information  has 
recently  been  collated  and  published  by  Mr.  H.  L.  Holly,  of  Brooklyn. 

For  the  other  steels,  generally  known  as  open-hearth  steels,  obtained 
by  the  Siemens  direct  or  the  Siemens-Martin  processes,  the  information 
conld  be  obtained  by  inqniry  and  correspondence. 

For  the  cmcible  steel  the  same  method  may  be  resorted  to.  In  any 
case  such  information  would  be  at  least  useful  to  the  Ordnance  Depart- 
ment. 

It  is  suggested  that,  in  connection  with  this,  a  series  of  experiments  be 
directed  with  the  machine  at  Watertown  Arsenal  for  determining  the 
quality  of  such  American  steel  as  may  be  used  in  gun  construction,  for 
in  departing  from  an  old  system  of  construction  it  would  seem  judi- 
cious to  take  advantage  of  a  new,  more  accurate,  and  more  powerful 
device  for  testing. 
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Record  of  firing  with  8-inoh  breech-loading  rifle  2^o.  %  dtambari, 

[Gun  mounted  on  caniMgt 


Proof- rounds  fixed 
by  oonstmotor  ot< 
ordnance. 


Baroinetor,     30.46 ; 
thermometer,  47; 
relative  humidity, 
42 percent.;  wind,  * 
1  mile  an  huar. 


Barometer,     30.53 ; 
thermometer,   56; 
relative  hnmidity,  * 
74  per  cent.;  wind, 
16  miles  an  hour. 


Barometer,  80.638 ; 
thermometer,  46; 
relative  hnmidity, 
53  per  cent;  wind, 
10  miles  an  hour. 


Barometer,   30.561 ; 
thermometer.  54; 
relative  hDmidity, ' 
74  per  cent.;  wind, 
14  miles  an  hoar. 


Powder. 


cd 


1 
2 
8 

4 
5 
6 


7 

8 

9 

10 

11 

12 

13 

14 
15 
16 
17 
18 
19 

20 

21 


22 
23 
24 

25 

26 

27 

28 
20 
30 


«»     '    Time. 

o 

u 


Kind. 


00 

a 

o 

Pi 


1881. 


Nov.  11 


Nov. 
Nov. 
Nov. 
Nov. 


11 
11 
11 
11 


Nov.  11 

Nov.  11 

Nov.  12 

Nov.  12 
Nov.  12 
Nov.  12 
Nov.  12 
Nov.  12 
Nov.  12 

Nov.  16 

Nov.  16 

Nov.  16 
Nov.  16 
Nov.  16 

Nov.  17 

Nov.  17 

Nov.  17 

Nov.  17 
Nov.  17 
Nov.  17 


Dn  Font's  hexagonal 
L0.A.Na7.  Den- 
sity, 1.785;  granola- 
tion,  67. 

do 

do 

do 

do 


.do 

.do 

.do 

.do 
do 
.do 
.do 
.do 
.do 

do 

.do 

.do 
do 
.do 

.do 

do 

do 

do 
.do 
.do 


50 


50 
50 
50 
50 

50 

50 

50 

50 
50 
50 
50 
50 
50 

50 

50 


50 
50 
50 

50 

50 

50 

50 
50 
50 


Projectile. 


Kind. 


!      ^ 

•a 
I      a 

a 
o 
a. 


^ 


e 
c 


e 
c 


e 


Hotchldss    ( 
boted). 


...do 

. .    do 

Hotchldss  (new) . . 
Hotchkiss    (resa- 

boted). 
do 


Hotchkiss  (new) . 


Hotchkiss    ( 

boted). 
...  do  . ...... 

do 

— do 

. . . .  do  ....... 

— do 

,...do ....... 


....do  ............. 

Batler*(new)...   . 


179 


179 
179 
180 
179 

180 

180 

178 

178 
178 
179 
179 
178 
178 

178 

180 


....do 
...do 
. .  .do 

— do 

...do 

— do 

..do 
...do 
do 


4 

-i 

-i 
-I 


-I 


180  -I 
180  -\ 
180  .  H 


181  ! 

181 

i 

181  ! 


-I 
-I 
-I 

181   -f 

181  -I 

182  I  H 
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at  Sandy  Hook,  N,  J,,  from  November  11,  1881,  to  December  30,  1881. 
'With  hydraulic  buffer.] 


Special  remarks  about  each  Are,  such  as  efllDct  on  piece,  sound 
of  projectile  in  flight,  scattering  oi  fragments,  &c. 


82,000 

81,500 

81.500 

32,000 
32,000 
81.000 
82.500 
81.500 
85,000 


81,000 
20.500 

80,000 
30,500 
24,500 

27.500     1.431 

I  I 

25,500  I  1.814  , 

80.000  I  1,452 

i 
26,000     1,428 
20.000     1,446 
25,500     1.422 


After  5th  round  the  front  horlsontid  angles  (right  angles)  of 
the  breech  slot  were  ronnded  with  a  radioR  orCK'.32,  in  com- 
pliance with  instructions  from  Chief  of  Ordnance  as  con- 
tained  in  indorsement  of  Koyember  3, 1881. 

Breech  block  closed  easUy ;  opened  hard. 


Breech  block  closed  and  oi>ened  hard — two  men. 

Do. 

Do. 
Breech  block  closed  and  opened  hard— two  men  and  bar. 

Breech  block  closed  hard — two  men  and  bar;   opened 

hard — two  men. 
Breech  block  closed  yery  hard — two  men  and  bar;  opened. 

hard — two  men. 
Breech  block  closed  and  opened  hard — two  men. 

Breech  block  closed  and  opened  hard — two  men  and  bar. 
Do. 
Do. 
Do. 
Do. 
Do. 
Before  20th  round  new  steel  gas-check  put  in  gun. 
Closedessilx— one  man;  opened  1  *Bo  tier  prc^ectiles  en* 
hard— one  man.  tered  shot  chamber  2^' 

Closed  and  opened  easUy — two      more  than  Hotchkiss, 
men.  giving  this  much  more 

(     air-space. 
Do.  I  Slight  escape  of  gas  be* 

tween  gas-check  and 
Do.  gas-check  seat. 

S  Round  23,  sabot  stripped. 

Do.  J     in  flight. 

^  Gas-check  turned  half 

way  round. 
Closed  easily  and  opened  hard— )  Bounds  26  to  30,  sabots 
'S        one  man. 

H    Closed  hard— one  rosn ;  opened 
easily — two  men. 
Closed  and  opened  easily— two 
men. 
Do. 
Do. 
.  Do. 

Before  20th  round  new  obtnrator  plate  (dviilg  one  inch  more 
bearing  surface  for  face  of  gas-cbeok.  After  2Sth  round  slight 
gas  cuts  were  noticed  between  gas-check  and  seat,  upper  aide, 
which  were  increased  slightly  at  29th  and  30th  round,  when 
firing  was  discontinued,  gas-check  taken  out.  seat  of  gas* 
check  turned  out  to  remove  gas  outs,  and  new  steel  gas-check 
made  and  fitted  to  it;  variations  between  steel  ^s-cbecks 
(rounds  20  and  30)  given  below,  making  last  check  straighter 
and  longer  than  previous  one. 

Diameter  of  gas-check  (round  30)  across  face W.liS 

Diameter  of  gas-check  (round  20)  across  face 10''.622 

Diameter  of  gas-check  (round  30)  across  lip 10''.440 

Diameter  of  gas-check  (round  20)  across  lip x . .  1 0".162 

Diameter  of  gas-check  (round  30)  across  face  (inside) .    S^'.TTS 
Diameter  of  gas  check  (round  20)  across  face  (inside) .    8".675  • 

Length  of  gas-check  (round  30) r'.84 

Length  ofgas-check  (round  20) 1".741 


stripped  in  flight. 

Escape  of  gas  between, 
gas  check    and    gas* 
check  seat. 

More  escape  at  rounds 
29  and  30  than  at  pre- 
vious rounds. 
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Barometer,    80.488; 
thermometer.  44; 
relative  hamiditT,  < 
97peroent.;  wind, 
3  milea  an  hour. 


Barometer,    30.375 ; 
thermometer,  43; 
relative  hnmidity,  * 
73  per  cent. ;  wind, 
4  milea  an  hour. 


A.  K.— Barometer, 
30.006;  thermome- 
ter, 50 :  relative 
hnmidity,  84 
per  cent.;  wind, 
13  miles  an  hour. 


P.  IC.— Barometer, 
30.128 ;  thermome- 
ter, 01;  relative 
humidity,  73  per 
cent. ;  wind,  24 
miles  an  hour. 


I 


I 


81 


82 
33 

84 
85 
86 
87 
88 
30 
40 
41 
42 
48 
44 

45 

46 
47 
48 
40 
50 


51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


61 
62 


63 
64 
65 
66 
67 
68 
69 
70 


Becord  of  firing  with  ^nek  breeck-lotidiMg  riJU  S$.  % 

[Gun  mounted  on  esnkfi 


Time. 


1881. 
Kov.  29 


Nov.  29 
Kov.  29 


Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 


29 
29 
29 
29 
29 
29 
29 
30 
30 
30 
30 


Powder. 


Kind. 


Nov.  30 

Nov.  30 
Nov.  80 
Nov.  80 
Nov.  30 
Nov.  30 


Dea  13 

Deo.  13 

Dec.  18 

Deo.  13 

Dec  IS 

Dec  13 

Dec.  13 

Deo.  13 

Dec  13 

Dec  13 


Dec  13 
Dec  18 


Dec  18 
Dec  18 
Dec  13 
Dec  13 
Dec  13 
Dec  13 
Dec.  13 
Dec  l3 


Da  P<mt*s  hexagonal, 
L  O.  A..  No.  7.  Den- 
sity, 1.785;  granula- 
tion, 67. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 

do 
do 


do 
do 
do 
do 
do 
do 
do 
do 


a 

a 


? 
^ 


50 


60 
50 

50 
50 
50 
50 
50 
50 
50 
50 
60 
50 
50 

60 

50 
50 
50 
50 
60 


Projectile. 


Kind. 


Hotohkisa    ( 
boted). 


50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


60 
50 


50 
50 
SO 
50 
50 
SO 
50 
50 


do 
.do 

.do 

.do 

do 

do 

.do 

.do 

.do 

.do 

.do 

.do 

do 

.do 

do 

.do 

do 

.do 

.do 


.do 
do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


.do 
.do 


....do 

....do 

....do 

do 

....do  ........... 

do 

do 

Hotohkisa  (new) 


0 

s 

a 

fit 


177 
177 


180 
180 
180 
180 
180 
180 
180 
180 


I 

I 

M 
8 


a 


177   -I 


:| 


180  -i 


lao 

180 
180 
180 
180 


3 


I 
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cAanisTMl,  at  Sandg  Hooi,  X.  J.,  ^c. — CoDtiDDed. 


After  33it  ranod  RU^hMk  removed  uid  eiunlned ;   re- 


Lft«r  33d  ranod  RU^hMk  removed  uid 
pUo&d  lud  turii«d  ona-hnlf  Artiund. 

;io«auriopciiedrui]r— OHiiiiu.  SUe 
bstwern  gu-obHk  Bud  gM-ohesk  wat. 


KnlTtt  nwrked  O  ud  D  m  ■Imlln  in  eierj  raapnt,  tat 
irere  nvd  Eu  the  ftuqo  plag  for  pqrpoflD  of  compjtriAOU ;  th« 
jne  rnarkefl  I>  beinff  a  u^w  kblie  mnd  DompAiiloii  to  one  fnr- 
i]lgb«d  UuMrg.  Du  PiiDl  &  Co. 

Nrv  oambinatitHi  Ka«-abeck,  copper  and  iImI;  akot  eop' 

'"onffqurt  of  oil  pnt  In  ovtlnder. 

O-.nii  UiniHl  sir  rigbt  aide  of  obtarslor  plate. 
^   ,  1  Closfd  BMllt — onemiD;  opened  hara— two  men, 
t  S     CloHxl  and  opi^Ded  bard— two  men. 


:<NHti  nmnd  gnn  waahed,  aiaratned,  and  ■Utr-inQEed. 
-urtranHim  ball  broken;  replaced  before  Bring, 
ueiore  01  It  round  ite^  gat-eheek  put  En  f^n. 
Si     1  CloiinlsndopenBaeaiiilT— oneman.   Brace  to  loading 
,  tf  I  platform  broken  and  platform  remoTMl. 

I  S;  p      1  Cloaeil and  open-Ml eaaily — oneman.    AnerS2draand 
I       s     I     gM-rbeck  removodiad  wutaed:  alK  llaMati  gaa- 
.       '•'ft  obAckrepIaoed.   Obtaratorplate  removed,  cleaned. 

S      \s%  and  replaced  witb  a  piece  of  sbeet-braaa,  D".014 

*      I  ■°£j        Ihink,  in  rear. 
~       I  1  S  f  pClogedand  oponed  ea«ily — one  man. 

Uo. 
Do. 
Do. 
and  opened  eanilj— tiro  men ;  Hbot  atrlpped. 
ind  unnwiiabedont.  examined,  and  ttar-gaag»d. 
nnd  loading  platform  repaired  and  replaced. 
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Record  of  firing  with  i^-inck  hreech-loading  rijU  S:  t 

[Gun  nioant4Ml  od  txrmf* 


Barotnetor,  29.954; 
thermometer.  62 ; 
relative  hamidity, 
80perceiit.:  wind, 
22  to  28  miles  an 
hour. 


Barometer,    30.657; 
thermometer.    30; 
relative  humidity,  < 
75 percent.;  wind, 
17  miles  an  hoar. 


r 


Barometer,    30.657 ; 
thermometer.   30 ; 
relative  humidity,  i 
75  per  cent. ;  wind, 
17  miles  an  hour. 


Barometer,  30.002 ; 
thermometer,  31 ; 
relative  hamidity, 
78  per  cent. ;  wind, 
5  miles  an  hour. 


71 


72 
73 

74 


81 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 


Powder. 


£ 

u.     '    Time. 

o 

E 

a 

>5 


Kind. 


1881. 
Dec  14 


Deo.   14 
Dec   14 

Dec  14 


Dn  Pout's  hexagonal, 
I.  O.  A.,  No.  7.  Den- 
sity, 1.785 ;  granala- 
tlon,  67. 

do  . 

do 


75     Dec.  14  i 

16     Dec  14 

77  I  Dec.  14  , 

78  '  Dec  14  i 

79  1  Dec  14  ! 


80     Dec    14 


Dec. '16 


92  Dec  16 

93  Dec.  16 

94  Dec  16 

95  D«HJ.  16 

96  Dec.  16 

97  Dec.  16 

98  Dec.  16 

99  DiHJ.  16 


101  ,  Dec    16 


102     Dec   16    do 


103  Dec    16 

104  I)«c.   16 

105  Dec   16 


.do 


do 
do 
do 
do 
.do 


...  do 


do 


Dec  16    do 

Dec  16    do 

Dec  16    do 

Dec.  16    do 

Dec.  16  : do 

Dec.  16  ' do 

Dec  1«  '  do 

Dec.  16  { do 

Dec  16    do 

Dec  16   do 


do 

.do 

.do 

do 

do 

.do 

do 

do 


100     Dec    16    do 


.do 


do 

do 

.do 


a 

s. 


Projectile. 


Kind. 


s 

3 

e 
a. 


50     Hotohkisa  (new) 


180 


50   ....do 381 

50    ....do 181 

I 

60    do 181 

50     ..  do 181 

50  I do 183 

50    do 183 

50    ....do    :..  183 

50     Hotohkisa    shot  181 

.      and  sabot  (old). 

50  '  Hotchkiss  (new)  . .  183 


2 


^  « 


_l 


H 

H 
-J 
H 


50     Hotchkiss    (resa- 

^     182 

-4 

boted). 

t 

50    do 

•     180 

-« 

50  1 — do    

178 

-i 

50    do 

i     178 
1     If^l 

-1 

50  1     .do 

-i 

50    do 

180 

H 

50  '....do 

:     178 

-! 

50    do 

178 

H 

50   do    

181 

-i 

50    ...do    

18! 

-\ 

50    HotchklM  shot  and 

,     181 

-\ 

sabot  (old). 

OU     •  •  •  •QO  •     .••        •••••. 

183 

-f 

50  ' do 

1M> 

-\ 

50    do 

180 

-\ 

no  ' do 

182 
180 

-1 

50    do 

-♦ 

50    ...  do    

179 

_  ; 

50    do 

179 

50  ; do 

J82 
181 

.^ 

50    . . .  do  .• 

—  ■ 

50  ]...  do 

i 

182 

-f 

50    ...do  

182 

* 

50    do    

1K2 
182 
183 

-f 

60    ...  .do 

-} 

50    do 

-! 
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^'.haitiberedf  at  Sandy  Hook,  X,  J.,  j-o, — Continned. 
^rikh  hydraulic  bnffer.] 


alvel 
\  feet 

• 

s 

s-s 

^M 

^M 

pS8. 

o 

o 

r^  5  : 

•2 

•5 

l^s 

a    ' 

a 

s 

M 

M 

■si 


52 


Special  remarks  aboat  each  fire,  such  as  effect  on  piece,  sound 
of  projectile  in  flight,  scattering  of  fragments,  dus. 


30,000  ' D 


■29,000 
37,000 


O 
D 


.ai,500  I O 


:36,000  I 

:^,600  i 

XI7,000    

^,000    

'M,  500     ],  524 


D 
O 
I) 
O 
D 


.-tl,000     1,541        O 


•J4,000    D 

30,000  ! ,  O 

34,000  1 '  D 

32.600    O 

rj4,000  I D 

;n,600  ' O 

34,.'»00    D 

32,500    O 

-35,500  I. D 

33, 500     1,  549  O 

32,000    D 

29,500    '  O 

33,500    D 

30,600    1  O 

31,000  I I  T> 


Closed  and  opened  eat*ily— two  men. 


Do. 
Closed  and  opened  easily — two  men.    After  73d  roimd 

gas-check  taken  out,  washed,  and  replaced. 
Closed  easily — one  man;  opened  bara-— two  men.  Both 
bolts  holding  rear  end  of  trace  to  loading  platform, 
broken ;  right  side  of  carriage. 
Closed  and  opened  easily— two  men. 
Do. 
Do. 
Closed  and  opcne<i  bard— two  incu. 
Do. 

Do. 

^  After  80th  ronnd  loading  platform  removed. 
After  80th  round  gun  washed  out,  cjcamined,  and  star- 
gauged. 
Before  8l8t  ronnd  right  side  of  obturator  plate  turned 
off  0".007.    Piece  of  brass,  O^'.Oig  thick,  put  in  rear  ef 
obturator  plate,  and  angle  formed  by  breeoh-bloek 
setting  bacK  against  receiver,  filed  away. 
Closed  eanil^' — one  man;  opened  hard— one  man. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


.'to.  000 
33.  500 


O 
D 


30,000    O 

32,000  I D 

27,000  I I  O 

I  I 

37,500  1 1  D 


33.500! O 

37.500  I I  D 

33,500    ,  O 

40,000     1.551  I  D 


S 


CO 


>  Closed  easily — one  man.    Opened  hard— one  man. 
After  100th  round  gun  washed  oat,  examined,  and  star- 

gauged. 
From  88th  to  100th  ronnd,  inclusive,  gas-check  and  obta* 

rator  plate  not  wiped  off;  the  slight  escape  of  gas  aoon  • 

mulating  but  making  no  apparent  difference  In  aflSwt 

to  work  oreech-block. 


After  105th  round  gun  washed  out,  star-gauged,  and  ex- 
amined. 

Knives  marked  O  and  D  are  similar  in  every  respect  and 
were  used  in  the  same  pressure  plug — to  include  the  60th 
round — from  round  61  to  105  inclusive.  Knife  marked  D  was 
used  in  separMte  plug,  D  being  a  new  knife  and  companion  to 
one  famifloed  Mesnrii.  Du  Pout  Sc  Co. 

Projectiles  noted  in  this  rcpoit  as  "Hotclikiss  shot  and 
saltot  (old)"  were  shot  recovered  from  the  sand  butt  and  fired 
the  Hecoud  time  without  relmnding;  groove  mark  removed 
wh<>n  shown  neccnsary  by  the  gauge.  These  shot  entered 
shot  chaml»er  |  inch  further  than  new  ones. 

Kofore  lOOih  rouud  2  quarts  oil  put  in  cylinder;  combina- 
tion gas-check,  copper  and  steel.  Before  106th  round  new 
vcut-bufthing  put  m  gun. 


32  ORD 


^ 


498 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Barometer,    29.967 ; 
thermometer.  47; 
reUtiye  hamidity,  < 
91pereent.;  wioa, 
4  mOes  tan  boar. 


Barometer.  29.932; 
thermometer,  47; 
relative  hamidity, 
89 percent.;  wind, 
2  mllee  an  hoar. 


Barometer,  29.506; 
thermometer,  42; 
reUitive  hamidity, 
.')6  per  cent;  wind, 
26  mWeh  an  honr. 


106 

107 
108 
109 

110 

111 

112 
113 

114 

115 
116 
117 
IIH 
119 
120 

121 


122 
123 
124 
125 


126 


127 


Record  of  firing  withS-inch  hreecK-loadimg  rijley\t 

[God  moanied  on  ciimc» 


Powder. 


<M         Time. 

o 

S     . 

9       I 

5?5     I 


Kind. 


1881. 
Dec  28 


Dec  28 
Dec  28 
Dec.  28 


Da  Pont*8  hexagonal 
1.0.  A.  No.  6.  Den- 
sity, 1.785;  granula- 
tion, 67. 

do 


.do 
do 


Dec.  28   do 

Dec.  28   do 


Dec  28 
Dec  28 


Dec.  28 

Dec.  28 

Dec.  28 

Dec  28 

Dec  28 

Dec  28 

Dec  28 


Dec  30 


Dec.  30 
Dec  30 
Dec.  30 
Dec.   30 


Dec.  30 


.do 
.do 


do 

do 
.do 
do 
.do 
.do 
.do 


Dn  Pont*B  hexagonal 
I.O.A.No.1.  Den- 
sity, 1.785;  granala- 
tion,  67. 

do 

do 

do 

do 


do 


Dec.   30    do 


SD 

3 


"5 


55 

55 
55 
55 

55 

55 

i 
55  .. 
55  ,. 

55 

55 
55 
55 
55 
55 
55 


Projectao. 


Kind. 


.do 

do 

.do 

.do 

.do 

do 
.do 

do 


.do 

do 

.do 

.do i 


55 
55 
55   . 
55    . 


55  '. 


55 


do 

.do 

.do 

do 


do 


.do 


•3 
a 

9 


Hotohkiss  (new)..      180 


55     Hotchkiss    (res».  ;     181 
boted). 


z 

c 


i 


.1 


181  - 

181  -i 

181  -: 

181  -: 

182  - 

182  -' 

182  -. 

182  -t 


182 

1 

ire 

— 

182 

-\ 

183 

_l 

183 

-1 

183 

-( 

182 
181 
181 
181 


182    -; 


182      -i 
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ckamheredf  at  Sandy  Hooky  N,  J, — Continued, 
irith  hydraulic  buffer.] 


ti 

So 

is 

el 


SgM 

lis 


43, 000     1, 096 


32,000 
42,000 


1,650 
1,661 


43,000  !  1,660 


44, 000     1, 675 


44,500 

42,500 
44,500 


44,500 

45,000 
39,500 
44,500 
44,500 
46,000 
44,500 


1,653 
1,660 


1,664 
1,646 
1,654 
1,662 
1,652 
1,653 


55,000 
52.  500 
52,000 


1,711 
1,722 
1,717 


49.000  I  1,710 


£ 


o 


o 


D 
O 
D 


O 


1,658       D 


O 
D 


1,686  I     O 


D 
O 
D 
O 
D 
O 


49,000     1,702  '     D 


O 
D 
O 
D 


48,500     1,698       O 


67,000  '  1,669       D 


I 
9 


u 

cd 


3 

►  © 

536 


i 


»& 


9 

a 
g 


r 


8 


Special  remarks  about  eacli  fire,  such  as  effect  on  piece,  sound 
of  projectile  in  flight,  scattering  of  fttigments,  6ic. 


0 

.a 


5 

a 
1 


s 
.a 


o 
a 


Closed  easily — one  man ;   opened  hard — two  men.    No 
escape  of  gas.    Sabot  stripped. 


Closed  easily— two  men;  opened 

hard — two  men. 
Closed  and  opened  hard — ^two 

men  and  bar. 
Do. 


Do. 

Closed  hard — two  men;  opened 
hard — two  men  and  bar. 


Slight  escape  of  gas 
lower  left  aide. 

At  106th  round  firont  top 
bolt,  right  side  loaa- 
ing  platform,  broken. 

Sabot  stripped. 


Do. 
Do. 


>  No  escape  of  gas. 


After  113th  round  gun  washea  oi|^  examined,  and  star- 

fanged. 
114th  round  tnmt  transom  bolt  broken. 

Sabot  stripped. 
After  115tn  round  load> 
ing  platform  removed. 

>  ^o  escape  of  gas. 


Closed  hard — two  men ;  opened 
hard — ^two  men  and  bar. 
Do. 
Do. 
Do. 
Do. 
Do. 

After  120th  round  gun  washed  out,  examined,  and  star- 
gauged. 

Closed  easily— two  men;  opened  hard — two  men.  No- 
escape  of  gas. 


Sabot  stripped. 


Do. 
Do. 
Do. 
> Closed  easily — two  men:  opened  hard — two  men.    No 
escape  of  gas.     At  125th  round  lower  Y  bolt,  right 
side,  broken. 
•  Closea  easily — two  men;  opened  hard — two  men.    No 
escape  of  gas.    At  126th  round  cap  bolt — bieech  block — 
broken;  replaced. 
Two  onarts  oil  pot  in  cylinder. 
,  Closeo  easilv — two  men. 

At  127th  round  gun  burst  explosively,  destroying  top  car- 
riage,  breaking  hydraulic  cylinder,  and  shattering  wooden 
casemates  in  which  it  was  mounted.  The  pressure  plug  was 
found  26  feet  to  the  rear  and  under  the  sand-crib  placed  in  rear 
of  the  gun  to  catch  pieces  in  case  it  should  burst. 


PL^VTE  IV. 


Appendix   37, 

report  on  the  steel  for  it-inch  breech-loading  guns  and  mor- 

tar  howitzers. 

The  Ordnance  Board,  United  States  Army, 

Neto  York  Cityy  December  9,  1881. 

Sir:  lu  accordance  with  paragraph  6,  Special  Ordere  No.  271,  cun^en* 
series,  dated  Adjutant-General's  Office,  Washington,  December  1,  inst, 
the  Board  proceeded  to  Cold  Spring  and  Boston  and  examined  the  Firth 
steel  furnished  by  the  contractors  for  tbe  breech-receivers  of  the  12-inch 
breech-loading  rifled  mortar  and  the  12  inch  breech-loading  rifled  guns. 
The  contract  between  the  United  States  and  the  founders  for  this  steel 
requires  "that  in  physical  qualities  the  steel  used  shall  fully  equal  the 
Whitworth  fluid  compressed  steel  employed  in  the  fabrication  of  the 
8-inch  breech-loading  rifle  (converted)  No.  1." 

The  comparative  qualities  of  the  steel  furnished  by  Messrs.  Firtli  & 
Co.  to  the  contractors  and  the  Whitworth  steel  are  shown  in  a  table 
inclosed  herewith  and  appended  to  Captain  Bryant's  report.  From  this 
it  appears  that  the  physical  characteristics  of  the  Firth  steel  are  below 
those  of  the  standard  in  every  respect. 

A  specimen  broken  from  .a  piece  removed  from  the  slot  of  one  of  the 
breech-receivers  for  a  12-inch  rifle  was  examined.  It  shows  a  fine,  close, 
crystalline  structure  up  to  within  2J  inches  from  the  exterior  surface. 
Beyond  this  point  the  crystals  are  coarser  and  the  structure  is  more 
open.  It  was  observed  that  in  drilling  for  specimens  the  hardness 
diminished  in  a  marked  manner  at  a  point  from  2^  to  three  inches  from 
the  exterior  surface  towards  the  interior.  These  facts  indicate  that 
the  useful  effects  of  hammering  commenced  to  lose  their  influence  at 
about  one-fourth  the  thickness  of  the  walls  from  the  exterior. 

Specimens  were  taken  from  similar  pieces  and  turned  down  to  a 
suitable  size  for  use  in  the  testing-machine.  In  every  case  flaws  were 
found  towards  the  interior.  Three  extension  specimens  in  course  of 
preparation  from  breech-receiver  No.  1  had  to  be  rejected  because  nu- 
merous flaws  occurred  in  such  a  way  as  to  render  them  unfit  to  endure 
tensile  strain.  One  of  the  tenacity  specimens  from  the  interior  of  the 
same  receiver  broke  at  a  low  strain  and  revealed  a  flaw.  Specimens 
from  breech-receivers  Nos.  2  and  3  contained  similar  flaws,  but  as  they 
did  not  occur  upon  the  portions  subjected  to  stress,  and  as  (except  in 
the  single  case  above  mentioned)  no  flaws  appeared  upon  the  fractured 
surfaces,  it  is  not  believed  that  they  influenced  the  results  of  the  phys- 
ical tests.       • 

These  flaws  would  probably  cause  an  inequality  in  the  resistance  of 
the  breech-receivers  to  longitudinal  strain,  and  would  diminish  to  an 
extent  which  cannot  be  accurately  estimated  the  resisting  cross-section 
of  the  receivers. 

The  hardness  of  the  metal  is  variable  from  the  exterior  to  the  interior^ 
and  the  hardest  metal  having  generally  the  least  extensibility,  the  strain 
would  be  taken  up  unequally  by  the  surface  of  least  resistance. 

Particular  attention  is  invited  to  the  low  tenacity,  elastic  limit  and 
extensibility  of  the  Firth  steel.    It  appears  that  its  elastic  limit  is  lower 
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tliau  that  of  the  interior  tube  of  wrought  iron.  The  system  of  gun  cm- 
struction  for  which  these  breech-receivers  were  intended  has  heretofoR 
required  the  use  of  a  ductile  tube  of  wrought  iron  surrounded  by  a  teg? 
ductile  receiver  of  steel,  which  in  turn  is  inclosed  in  a  still  less  dactile 
casing  of  cast  iron.  To  use  a  steel  having  as  low  an  elastic  limit  asd 
ductility  as  that  in  the  receivers  furnished  the  contractors  by  Firth  k 
Co.  for  the  12-inch  rifles  and  howitzer  would  imperil,  and  perhaps  con- 
demn, the  whole  system  of  construction  by  tiie  employment  of  imperfect 
material. 

In  view  of  all  these  facts,  the  Board  is  of  opinion  that  the  breedi- 
receivers  of  Firth  steel  furnished  to  the  contractors  for   the  12-iiich 
rifles  and  howitzer  should  not  be  accepted. 
Respectfully  submitted. 

T.  G.  BAYLOR, 
Lieutenant' Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance, 
CHARLES  SHALBB, 

Captain  of  Ordnmnee^ 
Chief  of  Ordnance,  U.  S.  A., 

Washington^  D.  (7. 


South  Boston  Foundry, 

Boston^  Mass.y  October  15,  1881. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  steel 
parts  for  12inch  B.  L.  chambered  rifles  which  have  been  received  by 
the  South  Boston  Iron  Company  from  the  works  of  Firth  &  Co.,  Shef 
field,  England,  having  been  ordered  from  that  firm  for  the  purixwe  of 
fulfilling  the  contract  dated  September  28, 1880. 

There  have  been  received  at  the  present  date  complete  sets  of  parts 
for  three  rifles,  and  a  breech  block  and  obturator-platfe  for  the  fourth. 

The  complete  sets  have  been  inspected  with  regard  to  their  dimen- 
sions, and  although  they  vary  in  some  important  particulars  from  tiie 
figures  given  in  the  drawing*  accompa(nying  the  contract,  all  contain 
sufficient  stock  to  admit  of  their  being  finished  in  conformity  with  the 
dimensions  given  in  the  drawings  of  the  rifles  to  which  they  are  to  be 
fitted. 

The  results  of  the  tests  of  the  physical  properties  of  the  steel  are 
given  in  Table  No.  1  herewith  inclosed. 

The  specimens  tested  were  from  pieces  drilled  out  from  the  breech- 
receivers,  where  the  slot  for  the  breech-block  is  made,  and  were  taken 
in  a  direction  at  right  angles  with  the  axis. 

Table  No.  2  contains  a  comparison  of  a  mean  of  the  results  given  in 
Table  No.  1  with  those  obtained  from  tests  of  the  Whitworth  steel  used 
in  the  fabrication  of  8inch  B.  L.  rifle  No.  1  (converted),  and  shows  con- 
clusively that  the  physical  qualities  of  the  Firth  steel  are  far  beloir 
what  is  required  by  the  terms  of  the  contract.  The  pieces  taken  out 
from  the  breech-receivers  for  procuring  the  test  specimens  show  the 
existence  of  several  cavities  and  air-holes  in  that  portion  next  to  the 
bore.  These  are,  however,  mostly  very  small,  and  1  cannot  find  that 
any  appear  on  the  surfaces  of  the  bores. 

In  consideration  of  the  facts  above  stated,  I  am  unable  to  report  that 
this  steel  meets  the  requirements  of  the  contract. 

The  South  Boston  Iron  Company  inform  me  that  it  will  probably  be 
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out  of  the  qaestion  for  them  to  procure  any  steel  of  better  quality  to 
rephice  the  parts  herein  reported  upon. 

Very  respectfully,  your  obedient  servant, 

CULLEN  BEYANT, 

Captain  of  Ordnance. 

Constructor  of  Ordnance, 

United  States  Ordnance  Agency,  Neic  Torh 

The  following  table  shows  the  result  of  experiments  with  Firth's  steel 
furnished  for  the  jackets  of  12-inch  B.  L.  rifles  Nos.  1^  2,  and  3.  A  te- 
nacity specimen  was  taken  from  the  exterior  and  intenor  of  each  jacket, 
and  two  specimens  were  in  all  cases  taken  to  determine  extension,  res- 
toration, and  permanent  set,  making  four  test  specimens  from  each 
jacket.  The  specific  gravity  and  harchiess  (a)  are  the  mean  results  from 
all  four  specimens.  The  tenacity  (6)  is  the  mean  of  the  tenacity  speci- 
mens. The  other  physical  characteristics  (c)  show  the  mean  results 
obtained  from  the  extension  specimens. 

Table  No.  1. — Mean  mechanical  properties  of  Fh'th* 8  steel  ftmiiahed  for  jacktts  of  12'inch 

B.  i.  rifles  Nos,  1,  2,  and  3. 


No.  1.    i    No.  2.        No.  3. 


{ a)  Specific  gravity 

Haronesa 

(b)  Tenacity pounds.. 

(<j)  Elastic  limita do.... 

Ultimate  resistance do 

Extension  per  inch  at  elastic  limit inch . . 

Ultimate  extension  per  inch do 

U 1 1  imate  restoration  per  inch do ... . 

Ultimate  permanent  set do..«. 

Mean  area  of  specimens.... w* square  inch.. 

Length  of  specimens >% inch.. 


7.8535 

7.8494 

10.0375 

11. 1400 

*74,433 

81,861  1 

17,600 

17,000 

61,500 

61,000 

0.0005 

0.0006 

0.1821 

0.1273 

0. 00175 

0. 00305 

0. 18035 

0. 12430 

0.332 

0.332 

10 

10 

7.8597 
11.1980 
78,653 
14.500 
50,000 
0.0006 
0. 1574 
0.00455 
0.15290 
0.336 
10 


*  A  single  result  frova  the  exterior  specimen,  as  the  interior  specimen  exhibited  a  flaw  and  broke  at 
54,078  pounds. 

« 

Table  No.  2. — Mean  mechanical  properties  of  FiriVs  steely  furnished  for  jackets  of  12-inch 
hreech'loading  rifles  2fos.  1, 2,  and  3,  compared  with  those  of  Whitworth^s  fluid-compressed 
sttelf  furnished  for  9-inch  breech- Uniding  rifle  No,  1,  converted. 


(a)  Specific  gravity 

Hardness 

(6)  Tenacity pounds.. 

(c)  Elastic  limit do 

t^ltimate  resistance do 

Extension  per  inch  at  elastic  limit inch.. 

Ultimate  extension  per  inch do 

Ultimate  restoration  per  inch do 

U  Itimate  permanent  set do 

Mean  area  of  specimens square  inch.. 

Length  of  specimens inches.. 


ao 

^ 

z 

o 

1 

la 

PC4 

^m^ 

^.^ 

1^ 

CI 

""^ 

7.8550 

7.8542 

16.2300 

10.7918  ; 

110, 000 

78, 312 

38,500 

16,333 

86,000 

60,500 

0.00230 

0. 0G066 

0.17500 

*0. 11560  , 

0. 00352 

0.00312  ' 

0. 17149 

0. 15252  ' 

0.343 

0.333 

10 

10 

o 


e 
H 


0.0028 
5.4382 
31,688 
22,167 
24,500 
0. 00174 
0.01940 
0.00040 
0.01897 
0.010 


*  Observation  made  before  the  weight  which  caused  rupture  was  applied. 
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Table  ahawing  tenacity,  hardneia,  and  apecific  qravity  of  tenacity  apteimena  iakem  /r»M  u- 
teriar  and  interior  of  jaoketafor  12-iNCA  hreeiMoading  riflea,  Noa.  1,  2,  3. 


310.1. 


No.  2. 


Xo.3. 


CbAncteristica,  4U;. 


Exterior.  Interior.  .  Exterior. '  Interior.  Exterior.    InterMr. 


Original  Area 

W^gbt  applied 

Weight  for  one  sqoare  inch  area 
Weight  applied  for  hardness  ... 

Length  or  cut 

Haroness 

Specific  gravity 


83,265 
24,775 
74,433 
10.000 
6.0 
10. 140 
7.8348 


33.285 
n8,000 
54.078 
10.000 
6.05 
0.929 
7.8722 


32,675 
■  27,500 

84,162 

10.000 

6.6 
11.594 

7.8694 


33,490 
26.475 
79,540 
10.000 
6.7 
11.083 
7.8497 


33,388 
26,8S0 
80,418 
10,000 
6.7 
11.063 
7.8765 


33.se- 
2Sc73» 
76,*^ 
10.M 
C7 
1LW3 
7.832P 


♦Flaw. 


Table  ahowing  the  extenaion,  reatoration,  and  2>ermanent  aet  cauaed  by  the  undermemtia»ed 
weighta  per  aquare  inch  of  the  primitive  aection  acting  upon  a  aolid  cylinder  10  ineJiea  inf 
ana  0,650  inch  in  diameter,  taken  from  piece  removed  from  alot  of  jacket  for  IS-inek  hretth- 
loading  rifle  JVo.  1. 

(Jacket  1,  F.  2.] 


Weight  per  i  Extension 


original  area. 

length. 

Pounds. 

Inch, 

1.000 

,0000 

2.100 

.0000 

3,000 

.0000 

4.000 

.0001 

.5,000 

.0001 

6,000 

.0002 

7,000 

.0002 

8,000 

.0002 

9.000 

.0002 

10.000 

.0003 

11.000 

.0003 

12,000 

.0004. 

13,000 

.0004 

14,000 

.00045 

15,000 

.0005 

16,000 

.0006 

17,000 

.0007 

18.000 

.0009 

19,000 

.0012 

20.000 

.0017 

21,000 

.0025 

22,000 

.0031 

23.000 

'    .0037 

24,000 

.0047 

25,000 

.0057 

26,000 

.0065 

27,000 

.0077 

28,000 

.0088 

29,000 

.0096 

30,000 

.0107 

31,000 

.0125 

32,000 

.0135 

83,000 

.0148 

84,000 

.0162 

35,000 

.0177 

86,000 

.0189 

37,000 

.0204 

38,000 

1    .  0219 

39,000 

.0238 

40,000 

.0267 

41,000 

.0274 

42,000 

!    .0297 

43,000 

.  0316 

44,000 

.0339 

45,000 

.0362 

46,000 

.0390 

Successive 

sqnareinchofl  per  inch  in  I  J^}^^f„ 
nr!iHn*l  *«»^  I   l«fi<rth    I  P«r  inch  in 

length. 


Inch, 

.0000 

.0000 

.0000 

.0001 

.0000 

.0001 

.0000 

.0000 

.0000 

.0001 

.0000 

.0001 

.0000 

.00005 

.00005 

.0001 

.0001 

.0002 

.0003 

.0005 

.0008 

,0006 

.0006 

.0010 

.0010 

.0008 

.0012 

.0011 

.0008 

.0011 

.0018 

.0010 

.0013 

.00^4 

.0015 

.0012 

.0015 

.0015 

.0019 

.0019 

.0017 

.0023 

.0019 

.0023 

.0023 

.0028 


Bestoration 

per  inch  in 

length. 


Successive  |  pe-m-nent  Saoceasix* 

restoration  i  ^* \^!!«^it  permanea; 

per  inch  in  *? *  f^ jfu  i£t  per  iiK  k 

^length.  ,  in  length.  i^lSigtlL 


Ineh. 

.0000 

.0000 

.0000 

.0001 

.0001 

.0002 

.0002 

.0002 

.0002 

.0003 

.0003 

.0004 

.0004 

.00045 

.0005 

.0006 

.0006 

.0007 

.0007 

.0007 

.0008 

.0008 

.0000 

.0008 

.0010 

.0010 

.0010 

.0011 

.0011 

.0012 

.0013 

.0013 

.0014 

.0015 

.0015 

.0015 

.0016 

.0017 

.0018 

.0017 

.0018 

.0020 

.0019 

.0020 

.0020 

.0021 


Inch. 
.0000 
.0000 
.0000 
.0001 
.0000 
.0001 
.0000 
.0000 
.0000 
.0001 
.0000 
.0001 
.0000 
.00005 
.00005 
.0001 
.0000 
.0001 
.0000 
.0000 
.0001 
.0000 
.0002 

—.0002 
.0002 
.0000 
.0000 
.0001 
.0000 
.0001 
.0001 
.0000 
.0001 
.0001 
.0000 
.0000 
.0001 
.0001 
.0001 

—.0001 
.0001 
.0002 
.0001 
.0001 
.0000 
.0001 


Inch. 

/wdb. 

.0000 

.OOW 

.0000 

.OOM 

.0000 

.ooot 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0006 

.OOOtI 

.0006 

.0000 

.0000 

.0000 

.0009 

.0000 

.0000 

.0000 

.oons 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.0001 

.0002 

.0001 

.0005 

.0009 

.0010 

.000» 

.0017 

.0007 

.0023 

.000» 

.0027 

.0004 

.0039 

.0012 

.0047 

.000» 

.0055 

.0006 

.0067 

.0012 

.0077 

.0010 

.0085 

.000^ 

.0095 

.0010 

.0112 

.0017 

.0122 

.0010 

.0134 

.0012 

.  0147    1 

.OOU 

.0162 

.0015 

.0174 

.OOl* 

.0188 

.0014 

.0202 

.0014 

.0220 

.0013 

.0240 

.00» 

.0256 

.0010 

.0277 

.0021 

.0297 

.i»» 

.0319 

.002? 

.0342 

.0083 

.0369 

,00*7 
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Table  $hoicifig  tf^e  txtenaiotty  restorationj  and  permanent  set,  j-c, — Continued. 


Weight  per   1     Extension 


Successive 


BoMtoration 


Successive 


Permanent 


Successive 


sqoaVjinJh  of     ^r  inch  i^    ,     «»tenrion       ^^rnTh  in       restoration      ^;'^;*^;^|,      permanent 
«i^^nai  oi.i«        *il««ii»  per  inch  In       *i«!wr#ik  per  Inch  in     T!  i«««r*K        set  per  inch 

original  area.  length.  length.  >«»«**»•      :      length.  >°  »*'°^*'-        in  tnjtth. 


Pound*.  Inch.         '         Inrh.                 Inch.                Inch.                Inch.                Inch. 

47,000  .0418                    .0028                  .0025                  .0004                    .039^                  .0024 

48.000  .0142                    .0024                  .0022          :    —.0003                    .0420                  .0027 

49,000  .(»497                    .0037                  .0022                  .0000                    .  U457                  .0037 

."lO.OOO  .or)12                    .0033                  .0022                  .0000                    .0490                  .0033 

.•iLOOO  .0.5.17                    .0045                  .0025                  .0003                    .0532                  .0042 

52,000  Amv.\                   .0046                  .0025                  .0000                    .0578                  .0046 

.53,000  .0651                    .00.38                  .0026                  .0001                    .0625                  .0047 

54,000  .0700                    .(H).*>8                  .0026                  .0000          i          .0683                  .0058 

55,000  I          .0789                    .0080                  .0027                  .0001                    .0762                  .0079 

.56,000  '          .0869                    .0080                  .0029                  .0002                    .0840                  .0078 

.57,000  .0962                    .0003                  .0030                  .0001                    .0932                  .0092 

.58,000  .1092                    .0130                  .0033                  .0003                    .1059                  .0127 

.59,000  .1223                    .0131                  .0030          i        .0003                    .1193                  .0134 

60,000  .1537                    .0314                  .0037                  .0007                    .1.500                  .0307 

61,000  I          .1812                    .0275          I        .0020              —.0017                    .1792                  .0292 

62,000        ' t 

63,000        ' i 

64,000 

65,000        I - 

66,000        1 ! 

07,000 

68,000 

69,000  .- 

70,000  

71,000        L. 

72,000 

73,000        ' 

74,000 

75,000  , 

76,000 

77,000         i 

78,000 .• 1 

79,000 

80,000        I 

81,000         , 

82,000         

«3,000         , , 

84,000 

85,000 

86,0()0 

I  1  ,  t  .  I 


GENERAL  SUMMAKY. 

Specific  gravity 

Original  of  cross-section sq.  inch..        0.3318 

Elastic  limit pounds..        16,00(> 

Extension  per  inch  at  rapture inch..       0.1812 

Ultimate  resistance  per  square  inch  of  orisinal  area pounds. .        62,  OOif 

Redaction  in  diameter  at  point  of  mptare inch . .         . « >.' 5 

Ratio  of  elastic  to  ultimate  resistance 

Contraction  in  area  at  fhMsture '. per  cent . . 

Area  after  raptor6 sq.  inch . .         .  27M 

Position  of  rapture 1".5  ftom  upner  shoulder. 

Character  of  surface crystalline,  meainm,  coarse. 
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Table  showing  the  extenBion^  restoraiUmf  and  pmmanent  set  caused  by  the  under-meutrnd 

tceights  per  square  in<^  of  the  primitive  section  acting  upon  a  solid  cylinder  10  •«<*«  l»9 

and  0.653  inch  in  diametcTf  taken  from  piece  removed  from  slot  of  jacket  for  12  i«* 

breevh-loading  rifle  Xo,  1. 

[Jtcket  1,  F  l.J 


Weight  per 

Aqnare  inch  of 

original  area. 


Pounds. 
1,000 
2,000 
3.000 
4,000 
5.000 
6,000 
7,000 
8,000 
9.000 
10.000 
11.000 
12,000 
13,000 
14.000 
15,000 
16,000 
17,000 
IH.OOO 
19.000 
20,000 
21.000 
22.000 
23,000 
24,000 
25.000 
26,000 
27.000 
28.000 
29,000 
30,000 
31.000 
32.000 
33.000 
34,000 
35.000 
36.000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
51.000 
52. 000 
53,000 
.'>4,000 
55.000 
56,000 
57,000 

58,  000 

59.  000 
60,000 
61,000 
62,000 
63,000 
64,000 
65.000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72, 000 
73,  000 


Extension 

per  inch  in 

length. 

Sacceaaive 

extenaion 

per  inch  in 

length. 

Inch. 

Restoration 

per  inch  in 

length. 

Sacoessive 

restoration 

per  inch  in 

length. 

Jneh. 

Permanent 

set  per  inch 

in  jengtb. 

Inch, 

SoooesiiTt 

pemuKit 

setperiack 

iaifnstk 

Inch. 

Inch, 

Inek. 

.00000 

.00000 

.00000 

.00000 

.0000 

.oe« 

.00000 

.00000^ 

.00000 

.00000 

.0000 

•  W^W 

.00000 

.00000 

.00000 

.00000 

.0000 

•  ^ww 

.00000 

.00000 

.00000 

.00000 

.0000 

.9m 

.00000 

.00000 

.00000 

.00000 

.0000 

m   1^^^^ 

.00000 

.00000 

.00000 

.00000 

.0000 

.liM 

.00000 

.00000 

.00000 

.00000 

.0000 

•  W^W 

.00000 

.00000 

.00000 

.00000 

.0000 

.6000 

.00000 

.00000 

.00000 

.00000 

.0000 

.om 

.00005 

.00005 

.00005 

.00005 

.0000 

.0009 

.00005 

.00000 

.00006 

.00000 

.0000 

.WO* 

.00006 

.00001 

.00000 

.00001 

.0000 

•  |W^^» 

.00008 

.00002 

.00008 

.00002 

.0000 

.OOM 

.00010 

.00002 

.00010 

.00002 

.0000 

.0000 

.00015 

.00005 

.00016 

.00005 

.0000 

.0000 

.00020 

.00005 

.00020 

.00005 

.0000 

.00» 

.0002 

.0000 

.0002 

.0000 

.0000 

.0000 

.0003 

.0001 

.0003 

.0001 

.0000 

•  ^^M^» 

.0004 

.0001 

.0004 

.0001 

.0000 

.0000 

.0012 

.0008 

.0006 

.0002 

.0006 

•  ^^^^^ 

.0017 

.0005 

.0007 

.0001 

.0010 

•  ^W^^w 

.0037 

.0020 

.0008 

.0001 

.0029 

•  ^ww* 

.0039 

.0002 

.0008 

.0000 

.0031 

.0002 

.0043 

.0004 

.0009 

.0001 

.0034 

•  ^N^^* 

.0050 

.0007 

.0010 

.0001 

.0040 

.0006 

.0062 

.0012 

.0009 

-.0001 

.0053 

.0413 

.  .0070 

.9008 

.0010 

.0001 

.0060 

.ooo: 

.0081 

.0011 

.0010 

.0000 

.0071 

.oou 

.0094 

.0011 

.0010 

.6000 

.0084 

.0011 

.0106 

.0012 

.0012 

.0002 

.0094 

.0010 

.0117 

.0011 

.0012 

.0000 

.0105 

.0011 

.0133 

.0016 

.0013 

.0001 

.0120 

.0015 

.0145 

.0012 

.0014 

.0001 

.0181 

.oou 

.0167 

.0012 

.0015 

.0001 

.0142 

.oou 

.0173 

.0016 

.0015 

.0000 

.0158 

.0010 

.0185 

.0012 

.0015 

.0000 

.0170 

.0012 

.0202 

.0017 

.0016 

.0001 

.0186 

.0010 

.0220 

.0018 

.0017 

.0001 

.0203 

.0017 

.0234 

.0014 

.0017 

.0000 

.0217 

.0014 

.0255 

.0021 

.0018 

.0001 

.0237 

.0090 

.0272 

.0017 

.0018 

.0000 

.0254 

.ooi: 

.0292 

.0020 

.0020 

.0003 

.0272 

.0018 

.0316 

.0024 

.0020 

.0000 

.0296 

.0034 

.0387 

.0021 

.0019 

-.0001 

.0318 

.oos 

.0362 

.0025 

.0021 

.0002 

.0341 

.008 

.0388 

.0026 

.0012 

-.0009 

.0372 

.00» 

.0420 

.0032 

.0020 

.0008 

.0400 

.oes^ 

.0449 

.0029 

.0022 

.0002 

.0427 

.va 

.0484 

.0035 

.0024 

.0002 

.0460 

.0083 

.0^8 

.0034 

.0013 

-.0011 

.0495 

.0085 

.0559 

.0041 

.0019 

.0006 

.0540    , 

•045 

.0606 

.0047 

.0026 

.0007 

.0580 

.0040 

.0655 

.0049 

.0026 

.0000 

.0629 

.00(1 

.0712 

.0057 

.0027 

.0001 

.0685 

.0061 

.0775 

.0063 

.0028 

.0001 

.0747 

.ooc 

.0878 

.0193 

.0028 

.0000 

.0650 

.0108 

.0980 

.0102 

.0029 

.0001 

.0951 

.om 

.1110 

.0130 

.0031 

.0002 

.1079 

.01* 

.1275 

.0165 

.0034 

.0003 

.1241 

.0113 

.1830 

.0555 

1 

.0015 

-.0019 

.1815 

.06T4 

! ' .' y.  !'**!.'.*.*;;iii.'  "'.'.'.'.".\.. 

1          "                                   



1 

^ ■ ....... 

• 

•  .«••«»•■•••«••  ••••••••••••••*  ••»•••*•••••••  »«**«■•«*««««*  •■•«>>«««««*«•  ■««««•-- 

1                                       •        

1 * """. 

' 1 

i.. .,,.... 

...............  ••••••........  ....... 

r 

1                                                                           ••■■ 

.'  y^v^[[l[ly^'.^\v.^[\[\J[[]\[ll'v.'^v. !!!!;;;!!!!;!!  miiiv^m]'.  ]]v.v.z 
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Table  ahqwing  the  extensionf  reatoraiionf  and  permanent  set,  ^c — Continued. 


Weight  per 
«auare  inch  of 
onginalarea. 


Extension        ^J!S^l!?    I  Restoration      ^??!!?  I®  >  Permanent 

per  inch  in  '    J^^fS^tt       perinchln  !  !Sl*?™h?S  i  »et  per  inch 

length.       '    ^/e^J        '      ^*^°S^'         ^-^^^  ^  l«nKth. 


length. 


Successive 

permanent 

set  per  inch 

in  length. 


Pounds. 
74,000 
75,000 
76,000 
77,000 
78.000 
79.000 
80,000 
81,000 
4^2.000 
83,000 
84,000 
85.000 
86,000 


Inch.         '         I}i€h. 

( 

Inch.         !        Inch. 

1 

I 

Inch.               Inch. 

1 

..............  ..............  ..............t...... ........ 

'•••••••••••••••    ••••••*••«•••■• 

(                         t 

f 

1 

1 

..        ..        , 

1 

1 

1 

....... ...... ..!..... .......... 

! 

::::::::'.::.:...:;;;:::.::.::;:::::..;.::::::::: 

..............|.... .....••... 

1 

■ 

1 

, 

::::::::::::::!:::::::::::::: 

....a. .•..••...].... ...........     ..... .........j. ...... ......' 

1 

1                                                                                                              t 

1 

1 

1 

t 

GENERAL  SUMMARY. 

^eciflc  gravity 

Hardness «. 

Elastic  limit pounds..        19.000 

Extension  per  inch  at  rapture inch . .        0. 1830 

Ultimate  resistance  per  square  inch  of  original  area pounds..        61,000 

Reduction  in  diameter  at  point  of  rupture inch..         0. 110 

Original  area  of  oross-secaon sq.  inch . .         .  3349 

Area  after  rupture sq.  inch . .         .  t3 16 

Ultimate  resistance  per  square  inch  of  fractured  area pounds. . 

Position  of  rupture near  center. 

Character  of  surface crystalline,  medium  coarse. 


Table  nhotving  the  extension,  restoration^  and  permanent  set  caused  by  the  undernientioned 
weights  per  square  inch  of  the  primitive  section  acting  upon  a  solid  cylinder  9.990  inches 
long  and  0.651  inch  in  diameterf  taken  from  piece  removed  from  slot  of  jacket  for  X^-inch 
breech-loading  rifle  No,  2. 

[Jacket  2,  September  8, 1881.] 


Weight  per 

Extension 

Successive 

extension 

per  inch  in 

length. 

Inch. 

Restoration 

♦square  inch  of 

per  inch  in 

per  inch  in 

original  ai^a. 

length. 

length. 

r&undt. 

Inch. 

Inch. 

1,000 

.0001 
.0001 

.0001 

2,000 

.0000 

.0001        I 

3,000 

.0002 

.0001 

.0002 

4,000 

.0002 

.0000 

.0002 

5.000 

.0002 

.0000 

.0002 

6,000 

.0002 

.0000 

.0002 

7,000 

.0002 

.0000 

.0002 

8,000 

.0003 

.0001 

.0003        1 

9,000 

.0003 

.0000 

.0003 

10,000 

.0003 

.0000 

.0003 

11.000 

.0004 

.0001 

.0004 

12,000  ' 

.0004 

.0000 

.0004 

13,000 

.0004 

.0000 

.0004 

14,000 

.0004 

.0000 

.0004 

15,000 

.0005 

.0001 

.0005 

16,000 

.0005 

.0000 

.0005 

17,000 

.0006 

.0001 

.0004 

18,000 

.0010 

.0004 

.0006 

19,000 

.0026 

.0016 

.0016 

20,000 

.0031 

.0005 

.0018 

-Jl.OOO 

.0034 

.0003 

.0006 

22,000 

.0042 

.0008        ' 

.0007 

23,000 

.0052 

.0010 

.0008 

'24,000 

.0062 

.0010        1 

.0008 

25,000 

.0073 

.0011        1 

.0009 

26,000 

.0081 

.0008 

.0010 

■27,000 

.0095        1 

.0014        1 

.0015 

2^000 

.0104 

.0009        ' 

.0011 

29,000 

.0121 

.0017        1 

.0012 

Successive 

restoration 

per  inch  in 

length. 


Inch. 

.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0001: 
.0000 
.0000 
.0000 
.0001 
.0000 

-.0001 
.0002 
.0010 
.0002 

-.  0012 
.0001 
.0001 
.0000 
.0001 
.0001 
.0005 

-.0004 
.0001 


Permanent 

set  per  inch 

in  length. 


Inch. 
.0000 
.0000 
.0090 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0004 
.0010 
.0013 
.0028 
.0035 
.0044 
.0054 
.0064 
.0071 
.0080 
.0093 
.0109 


Successive 

permanent 

set  per  inch 

in  length. 


Inch. 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0002 
.0002 
.0006 
.0003 
.0015 
.0007 
.0009 
.0010 
.0010 
.0007 
.0009 
.0013 
.0016 
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Table  ahoxing  the  extenaioiiy  re$toratioH,  and  permanent  $et,  ^c. — Cpntiuu*^ 


Weight  per 
nqoare  Inch  of 
•riginal  area. 


Poundt. 
30.000 
31,000 
32,000 
33,000 
34,000 
35.000 
36,000 
37,000 
38,000 
39,000 
40,000 
41.000 
42.000 
43,000 
44.000 
45,000 
48.000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 

•  54,000 
55,000 
50.000 
57.000 
58,000 
50,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66.000 
67.000 
68,000 
69,000 
70,000 
71,000 
72, 000 
73.000 
74,000 
75,000 
76,000 
77.000 
78,000 
79,000 
80,000 
81,000 
82.000 
83,000 
84.000 
85,000 
86,000 


Extentioo 

per  inch  in 

length. 


extension  <  ?f!TS?h  In  !  rttimUon 
per  inch  in  '**u„^h  '  per  inch  in 
*i««.rtii  length.  *iflii«rth 


Jneh. 
.0131 
.0151 
.0161 
.0176 
.0193 
.0204 
.0228 
.0241 


length. 


Inch. 
.0010 
.0020 
.0010 
.0015 
.0017 
.0011 
.0024 
.0013 


length. 


set  per  inch 
in  length. 


in 


per  J 


Inch. 

1 

Inch. 

Inch. 

.0012 

.0000 

.0119 

.0014 

.0002 

.01S7 

.0013 

—.0001 

.0148 

.0013 

.0000 

.0163 

.0015 

.0002 

.0178 

.0014 

—.0001 

.0190 

.0016 

.0002 

.0212 

.0017 

.0001 

.0224 

.•er 
.•en 


.0669 

.0025 
.0024 

.0644 
.0648 

.0672 

.0002 

—.0001 

.»»" 

.0661 

.0009 

.0025 

.0001 

.0656 

.'«- 

.0723 

.0042   1 

.0026 

1    .0001 

.0697 

.•M 

.  0797 

.0074 

.0025 

-^0001 

.0772 

.«»c 

.0893 

.0096 

.0028 

.0003 

.0865 

.*» 

.1044 

.0151 

.0030 

.0002 

.1014 

.fl*^ 

.1219 

.0175 

.0030 

.0000 

.1189 

.•r 

\  ! 

^j 

' I 

I I ..]'.'.'..'. 

*• • -•- 


c;exeral  summary. 


Specific  gravity *■* 

HardneM ;*^" 

Elastic  limit pounds..       :*• 

Extension  per  inch  at  ruptare inrch..         * 

Ultimate  resistance  per  square  inch  of  original  area poandit..       '4  * 

Reduction  in  diameter  at  point  of  rupture inch.. 

Original  area  of  cross-section square  inch..  :^ 

Area  after  rupture do J^ 

Ultimate  resistance  per  square  inch  of  fractured  area pounds.. 

Position  of  rupture .B*«r  «▼"-'" 

Character  of  surface mixed,  fibrouK,  and  ctt*t» 


i 
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'able  showing  the  exiennKnty  restoratioHj  and  permanent  set  caused  hy  the  undetiHentioned 
weights  per  square  imcii  of  the  primitive  section  acting  upon  a  solid  cylinder  10  inches  long 
ond  0.650  inch  in  diameter^  taJcen  fromjront  of  piece  removed  from  slot  of  jacket  far  12- 
inch  bree4fh-loading  rijie, 

[Jacket  2,  Fl.] 


Wc4gbt  per    i     Extension 
'{uare  incb  of  i    per  Inch  in 
oHl^nal  area.  \       length. 


Pound*. 

1.000 

2,000 

3.000 

4,  POO 

5,000 

0,000 

7.000 

8.000 

9,000 

10,000 

11,000 

12,01*0 

13.000 

14,000 

15.000 

ie.000 

17,000 
18.000 
19,000 
20.000 
21,000 
22,000 
23,000 
24,000 
25.000 
26,000 
27,  000 
28,000 
29,000 
30,000 
31,000 
32, 0«  0 
33.000 
34,000 
•t^.OOO 
36,000 
37,  OOO 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 

44.  000 

45,  OiM) 
4«.  000 
47.  000 
48.0(K) 
49,000 
60,000 
51,000 
52.000 
53,000 
54.000 
55. 000 
56,000 
57,000 
58,000 
59.  000 
60,000 
61,000 
62.000 
6B,000 
64.000 
65,000 
66,000 
67,009 
68,000 
69,000 
70,000 
71.000 
72.000 


Inch. 
.0000 
.0001 
.0001 
.0001 
.0001 
.0002 
.0002 
.0008 
.0003 
.0004 
.0005 
.0005 
.0005 
.0005 
.0005 
.0005 
.0006 
.0007 
.0010 
.0011 
.0016 
.0025 
.0035 
.0040 
.0047 
.0068 
.0075 
.0073 
.0090 
.0103 
.0117 
.01-27 
.0138 
.0148 
.0165 
.0177 
.0192 
.0207 
.0223 
.0241 
.0265 
.0277 
.0293 
.0322 
.0343 
.C368 
.0389 
.0425 
.0452 
.0485 
.0522 
.0558 
.0601 
.0653 
.0712 
.  0773 
.0850 
.0931 
.1070 
.1328 


Succesttive 

extension 

per  inch  in 

length. 


Inch, 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 
.0003 
.0001 
.0005 
.0009 
.0010 
.0005 
.0007 
.0020 
.0007 
.0003 
.0012 
.0013 
.0014 
.0010 
.0011 
.0010 
.0017 
.0011 
.0015 
.0015 
.0016 
.0018 
.0024 
.0012 
.0016 
.00S9 
.0021 
.0025 
.0021 
.0036 
.0027 
.0033 
.0037 
.0037 
.0043 
.0052 
.0059 
.0061 
.0077 
.0083 
.0137 
.0258 


Restoration 

per  inch  in 

length. 


Inch. 
.0001 
.0001 
.0001 
.0001 
.0001 
.0002 
.0002 
.0003 
.0003 
.0004 
.0005 
.0005 
.0005 
.0005 
.0005 
.0005 
.0006 
.0007 
.0008 
.0006 
.0007 
.0008 
.0008 
.0007 
.0C04 
.0020 
.0012 
.0010 
.0012 
.0010 
.0012 
.OOli 
.0013 
.0014 
.0015 
.0016 
.  0015 
.0015 
.0018 
.0018 
.0026 
.0018 
.0018 
.0020 
.0020 
.  0020 
.0021 
.0022 
.0022 
.0022 
.0022 
.0023 
.0024 
.0026 
.0025 
.0026 
.0029 
.0018 
.0030 
.0031 


Successive 

restoration 

per  inch  in 

length. 


Inch. 

.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0001 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0061 
.0001 

■  .0002 
.0001 
.0001 
.0000 

■  .0001 
.  .0003 

.0016 

-  .0008 
.  .0002 

.0002 

.  .0002 

.0002 

.0002 

-  .0001 
.0001 
.0001 
.0001 

-  .0001 
.0000 
.0003 
.0000 
.0008 

-  .0008 
.0000 
.0002 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0000 
.0001 
.0001 
.0002 

■  .0001 
.0001 
.0003 

■  .0011 
.0015 
.0001 


Permanent 
set  per  inch 


Successive 
permanent 
set  per  inch 


in  length.   "f^f-^^- 


Inch. 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000' 
.0002 
.0005 
.0009 
.0017 
.0027 
.0033 
.0043 
.0048 
.0063 
.0068 
.0078 
.0093 
.0105 
.  0U3 
.0125 
.0134 
.0150 
.0161 
.0177 
.0192 
.0205 
.0223 
.0239 
.0259 
.0275 
.0302 
.0323 
.0348 
.0368 
.0403 
.0430 
.0463 
.0500 
.0535 
.0577 
.0627 
.0687 
.0747 
.0821 
.0915 
.1040 
.1297 


Itioh, 


.0002 
.0003 
.0004 
.0008 
.0010 
.0006 
.0010 
.0005 
.0015 
.0005 
.0010 
.0015 
.0012 
.0008 
.0012 
.0009 
.0016 
.0011 
.0016 
.0015 
.0013 
.0018 
.0016 
.0020 
.0016 
.0027 
.0021 
.0025 
.0020 
.0035 
.0027 
.0033 
.0037 
.0035 
.0042 
.0050 
.0060 
.0(60 
.0074 
.0094 
.0125 
.0157 


« 
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Table  showing  extension,  restoration,  and  permanent  set,  ^c. — Continued. 


Weight  per   i     Extension 
square  inch  of'   per  inch  in 
original  area.         length. 


Pounds. 
78,000 
74,000 
75,000 
76,000 
77,000 
78.000 
79,000 
80,000 
81,000 
82,000 
83.000 
84,000 
85,000 
86.000 


Inch, 


Snccessive 

extension 

per  inch  in 

length. 


Inch, 


Restoration 

per  inch  in 

length. 


Inch, 


^^^J^nn   '  Permanent 
restoration         ^        ^^ 


SaM«aBT« 


ii^ 


let  per  ii^ 
inloftk 


Inch. 


Iitfh. 


/«dk. 


GENERAL  SUMMARY. 


Specific  graTity 7.  i?n 

Hardness ILtJeC 

Tenacity pounds 

Elastic  limit do 

Bxtension  per  inch  at  mptnre .inch.. 

Ultimate  resistance  per  square  inch  of  original  area pounds . . 

Redaction  in  diameter  at  point  of  rupture inch . . 

Original  area  of  cross-section square  inch.. 

Area  after  rapture do 

Ultimate  resistance  per  square  inch  of  fractured  area .pounds 

Position  of  rupture 1".  6fro«D  shool^er 

Character  of  surface fine  crystalLs* 


.13:5 
.3314 


Table  shoicing  the  extension,  restoration,  and  permanent  set  caused  by  the  umdermemHmtd 
weights  per  square  inch  of  the  primitive  section  acting  upon  a  solid  cylinder  10  indtm  h»4 
ana  .653  incn  in  diameter,  ttuccn  from  piece  removed  from  slot  of  jacket  for  12-i*^* 
breech-loading  rifle  No,  3. 

[Jacket  3,  September  8,  1881.] 


Weight  per 
square  inch  of 
original  area. 

Extension 

per  inch  in 

length. 

Successive 

extension 

per  inch  in 

length. 

Restoration 

per  inch  in 

length. 

Successive 

restoration 

per  inch  in 

length. 

Permanent 
i  set  per  inch 
in  length. 

Snocneivv 
peimues: 

met  per  imth 
in  length. 

Pounds. 

Inch. 

Inch. 

I        Inch. 

Inch. 

Inch. 

Inch. 

1,000 

.0001 
.0001 

1         .0001 
.0001 

.0060*"" 

.0000 
.0000 

2,000 

.0000 

.0000 

3.000 

.0001 

.0000 

;          .0001 

.0000 

.0000 

OOM 

4,000 

.0002 

.0001 

1          .0002 

.0001 

.0000 

.oeM 

5,006 

.0003 

.0001 

1          .0003 

.0001 

.0000 

.OOM 

6.600 

.0003 

.0000 

1          .0003 

.0000 

.0000 

.ooe# 

7,000 

.0003 

.0000 

1          .0003 

.0000 

.0000        1 

.vei'O 

8.000 

.0004 

.0001 

.0004 

.0001 

.0000 

.OWd 

9,000 

.0004 

.0000 

1          .0004 

.0000 

.0000 

.000« 

10,000 

.0004 

.0000 

.0004 

.0000 

.0000 

.OOOd 

11,000 

.0005 

.0001 

.0005 

.0001 

.0000 

.ows 

12,000 

.0005 

.0000 

.0005 

.0000 

.0000 

•  ^^^^9 

13,000 

.0006 

.Oooi 

.0006 

.0001 

.0000 

.  0000 

14,000 

.0006 

.0000 

.0006 

.0000 

.0000 

.0000 

15,000 

..0006 

.0000 

.0006 

.0000 

.0000 

.OMO 

16,000 

.0008 

.0002 

.0007 

.0001 

.0001 

.0001 

17,000 

.0008 

.0000 

.0006 

—.0001 

.0002 

.0001 

18,000 

.0009 

.0001 

.0006 

.0000 

.0003 

.0001 

19,000 

.0013 

.0004 

1          .0008 

.0002 

.0005 

.0902 

20,000        ' 

.0017 

.0004 

1          .0007 

-.0001 

.0010 

.0006 

21,000 

.0025 

.0008 

I          .0008 

.0001 

.0017 

.0007 

22,000 

.0036 

.0011 

i          .0008 

.0000 

.0028 

.0011 

23,000 

.0042 

.0006 

'          .0009 

.0001 

.0033 

.OfiOS 

24,000 

.0050 

.0008 

.  0009 

.0000 

.0041 

.OOM 

25,000 

.0062 

.0012 

1          .  0010 

.0001 

.0052 

.0011 

26,000 

.0071 

.0009 

'          .  0010        1 

.0000 

.0061 

OMO 

27,000        1 

.0082 

.0011 

1           .0011 

.0001 

.0071 

.oei« 

28,000 

.0092 

.0010 

.0011 

.0000 

.0081 

.<A>:o 
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Table  showing  exieMton^  restoration,  and  permanent  set,  ^c, — Continued. 


Weight  per   {    Extension 
square  inch  of ,   {Mr  ineh  in 
original  area.  ;       length. 


Pounds. 
29,000 
30,000 
31,000 
32.000 
33,000 
34.000 
35,000 
36,000 
37,000 
38,000 
30,000 
40.000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54.000 
55,000 
56.000 
57,000 
58,000 
59,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
69.000 
70,000 
71,000 
72.000 
73.000 
74. 000 
75,000 
76,000 
77.000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 


Inch. 
.0103 
.0120 
.0128 
.0140 
.0154 
.0173 
.0185 
.0210 
.0218 
.0230 
.0247 
.0273 
.0288 
.0311 
.0358 
.0358 
.0392 
.0415 
.0447 
.0482 
.0541 
.0565 
.0613 
.0670 
.0730 
.0867 
.0992 
.1020 
.1160 
.1526 
(*) 


Succeeaive 

extension 

per  inch  in 

length. 


Inch, 
.0010 
.0018 
.0008 
.0012 
.0014 
.0023 
.0012 
.0025 
.0008 
.0012 
.0017 
.0026 
.0015 
.0023 
.0027 
.0028 
.0034 
.0023 
.0002 
.0035 
.0059 
.0024 
.0048 
.0057 
.0060 
.0137 
.0125 
.0028 
.0140 
.0366 
(*) 


Bestocation 

per  inch  in 

length. 


SacoeseiTo 

restoration 

per  inch  in 

length. 


Permanent 

set  per  inch 

in  length. 


Inch. 
.0012 
.0013 
.0012 
.0014 
.0014 
.0015 
.0013 
.0017 
.0015 
.0015 
.0017 
.0018 
.0018 
.0016 
.0018 
.0018 
.0020 
.0022 
.0020 
.0022 
.0022 
.0025 
.0023 
.0025 
.0026 
.0027 
.0027 
.0028 
.0029 
.0026 
(*) 


Jneh. 
.0001 
.0001 

—.0001 
.0002 
.0000 
.0001 

—.0002 
.0004 

—.0002 
.0000 
.0002 
.0001 
.0000 

—.0002 
.0002 
.0000 
.0002 
.0002 

—.0002 
.0002 
.0000 
.0003 

-.0002 
.0002 
.0001 
.0001 
.0000 
.0001 
.0001 

—.0003 
(*) 


Inch. 
.0000 
.0107 
.0116 
.0126 
.0140 
.0158 
.0172 
.0183 
.0208 
.0215 
.0230 
.0255 
.0270 
.0295 
.0320 
.0340 
.0372 
.0393 
.0427 
.0460 
.0519 
.0540 
.0590 
.0645 
.0704 
.0840 
.0865 
.0992 
.1131 
.1500 
(*) 


Successive 

permanent 

set  per  inch 

in  length. 


JncK 
.0009 
.0017 
.0009 
.0010 
.0014 
.0018 
.0014 
.0011 
.0020 
.0012 
.0015 
.0025 
.0015 
.0025 
.0025 
.0020 
.0032 
.0021 
.0084 
.0023 
.0059 
.0021 
.0050 
.0055 
.0059 
.0136 
.0025 
.0027 
.0139 
.0369 
C) 


GENERAL  SUMMARY. 

Specific  gravity t7.7624 

Hardness 9.913 

Elastic  limit pounds..    15,000 

Extension  per  inch  at  rapture inch..        .1626 

Ultimate  resistance  per  square  inch  of  original  area .....pounds..    59,000 

Reduction  in  diameter  at  point  of  rupture inch..         128 

Original  at  area  of  cross-section  square  inch..        .33490 

Contraction  in  area  at  fracture percent 

Ultimate  resistance  persquare  inch  of  Aractured  area pounds 

Position  of  rupture near  center 

Character  of  surface fine  crystalline  and  fibi-ous. 

*  Specimen  breaks. 

t  A  seamy  flaw  existed  io  this  specimen,  which  probably  prevented  an  accurate  estimation  of  specific 
gravity. 
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Tails  shotrintf  the  extetmon,  reitoratioMf  and  permanent  set  caueed  bif  the  mndrrmkeKbrnk 
tctnghtn  per  square  inch  of  primitive  section  acting  upon  a  solid  cgUnderlO  inches  lem§S9i 
.6r>4  inch  in  diam»'ter,  taken  from  piece  removed  from  slot  of  jacket  for  12-tiidb  hreeA- 
loading  rifle  Xo,  3. 

[Jacket  3,  F.  1,  September  8.  1881.] 


Weight  per        Extension 
^qnare  meb  of     per  inch  in 
oilginal  area.         length. 


Sac<;es8ive  i  r»-».*«-„*:^«  i  Succ*«aive 

extenaioB  5?!^'?,!^?°  i  restoration 

per  inch    in  ^1,^^^  ^°  ;  ptr  inch  in 

^  lATiirfh  length.  I  *'i^„^.H 


length. 


length. 


Pennaneat 

aet  per  inch 

in  length. 


in 


per  an 
leBgtk 


Pounds. 
1.000 
2,000 
3,000 
4,000 
5,000 
6.000 
7,000 
8.000 
9,000 
10,000 
11,000 
12,  Olio 
13.000 
14,000 
15.000 
16,000 
17,000 
18.000 
19.000 
20.000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30, 000 
31,000 
32,000 
33.000 
34,000 
35,000 
36,000 
37.000 
38.000 
39,000 
40,000 
41,000 
42.000 
43,000 
44.000 
45.000 
46,000 
47,000 
4H,  000 
49,000 
511, 000 
51,000 
52, 000 
53,  0«0 
54.000 
55,000 
56,000 
.57,  000 
58,000 
59,000 


Inch. 
.0001 
.0001 
.0002 
.0003 
.0003 
.0003 
.0003 
.0003 
.0004 
.0004 
.0004 
.0005 
.0006 
.0000 
.0006 
.0007 
.0009 
.0012 
.0015 
.0026 
.0085 
.0045 
.0053 
.0060 
.0074 
.0085 
.0097 
.0105 
.0121 
.0135 
.0147 
.0167 
.0176 
.0192 
.0202 
.0226 
.0240 
.0257 
.0278 
.0283 
.0321 
.0331 
.0366 
.0380 
.0420 
.0442 
.0480 
.0516 
.  0552 
.0601 
.0645 
.0705 
.0771 
.0853 
.0940 
.1117 
.1275 
.1623 
(*) 


Inch. 


.0000 
.0001 
.0001 
.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0001 
.0001 
.0000 
.0000 
.0001 
.0002 
.0003 
.0003 
.0011 
.0009 
.0010 
.0008 
.0007 
.0U14 
.0011 
.0012 
.0008 
.0006 
.0014 
.0012 
.0010 
.0019 
.0016 
.0010 
.0024 
.0014 
.0017 
.0021 
.0005 
.0038 
.0010 
.00::6 
.0014 
.0040 
.0022 
.0038 
.0036 
.0036 
.0049 
.0044 
.0050 
.0066 
.0052 
.0087 
.0177 
.0158 
.0348 
(*) 


Inch. 
.0001 
.0001 
.0002 
.0003 
.0003 
.0003 
.0003 
.0003 
.0004 
.0004 
.0004 
.0005 
.0006 
.0006 
.0005 
.0005 
.0006 
.0008 
.0007 
.0008 
.0008 
.0009 
.0008 
.0009 
.0008 
.0010 
.0012 
.0012 
.0013 
.C013 
.0014 
.0018 
.0016 
.0017 
.0014 
.0015 
.0017 
.0017 
.0018 
.0018 
.0021 
.0019 
.0019 
.0019 
.0020 
.0019 
.0022 
.0020 
.0022 
.0023 
.0024 
.0023 
.0024 
.0020 
.0025 
.0026 
.0027 
.0065 
(*) 


Inch, 


.0000 
.0001 
.0001 
.0000 
.Ot)«0 
.0000 
.OUOO 
.0001 
.0000 
.0000 
.OOOl 
.0001 
.0000 
-.0001 
.0000 
.0001 
.0002 
-.0001 
.0001 
.0000 
.0001 
-.0001 
.0001 
-0001 
.0002 
.0002 
.0000 
.0001 
.0000 
.0001 
-.0001 
.0003 
.0001 
-.0003 
.0001 
.0002 
.0000 
.0001 
.0000 
.0003 
-.0002 
.0000 
.0000 
.0001 
-.0001 
.0003 
-.0002 
.0002 
.0001 
.0001 
-.0001 
.0001 
-.0004 
.0001 
.0001 
.0001 
.0038 

(") 


*  Specimen  breaks. 


Inch. 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.OOUO 
.OOUO 
.OOUO 
.0000 
.0000 
.0000 
.0001 
.0002 
.0003 
.0004 
.0008 
.0018 
.0027 
.0036 
.0045 
.0051 
.  0060 
.0075 
.0085 
.0093 
.0108 
.0122 
.0183 
.0144 
.0100 
.0175 
.0l»'8 
.0211 
.0223 
.0240 
.0260 
.0265 
.0300 
.0312 
.0347 
.0361 
.0400 
.0423 
.0458 
.0496 
.0530 
.0578 
.0621 
.0682 
.0747 
.0838 
.0915 
.1091 
.1248 
.1558 
(*) 


Inek. 


0001 
08« 

OMl 


oetf 


0015 


•Olff 


nil 
osil 

OfK 

ma 


ma 

WI7 


ma 

0035 
0014 


OOM 

9oa 


0176 
0157 

n 


GENERAL  SUMMARY. 

Specific  gravity 

Hardness     

Elastic  limit 

Extension  per  inch  at  rupture 

Ultimate  resistance  per  square  inch  of  original  area 

lU'duction  in  diameter  at  point  of  rupture 

Orijiinal  area  of  cross-section 

Area  after  rupture 

I' It imate  resistance  per  square  incli  of  fractured  area 

PitHition  of  rupture 

Character  of  surface 


7.I7M 
12.7iS 

.1«S 

.1^ 


.....poiinds. . 

inch.. 

poands.. 

inch.. 

square  inch . . 

do  ... 

ponnda 

n«sre«Bl«-r 

fibrous  and  fine  cry«tAlfisr 


Appendix  No.  38. 

KEPORT  ON  THE  COMPARATIVE  TRIALS  OF  THE  BUTLER  AND  ARRICK 

PROJECTILES. 

(9  plates.) 

By  third  indorsement  by  the  Chief  of  Ordnance  on  letter  No.  2107  of 

1881,  the  Ordnance  Board  was  directed  to  recommend  the  kind  of  pro- 
jectiles to  be  procured  to  fill  an  order  for  2,000  8-inch  M.  L.  projectUes. 

The  Board,  in  the  fourth  indorsement  on  the  same  letter,  stated  that 
for  reasons  therein  set  forth  further  tests  would  be  required  to  deter- 
mine the  relative  merits  of  the  Butler  and  Arrick,  or  Eureka,  projectiles, 
and  requested  that  for  this  purpose  50  8-inch  cored  shot,  of  180  pounds 
weight,  of  each  pattern  be  procured.  By  the  fifth  indorsement  the 
acting  Chief  of  Ordnance  gave  authority  to  procure  the  shot  above 
mentioned. 

September  1, 1881,  Colonel  Baylor,  for  the  Ordnance  Board,  requested 
the  commanding  officer,  United  States  ordnance  agency,  to  purchase 
the  projectiles. 

These  projectiles  were  procured  and  sent  to  Sandy  Hook,  N.  J.,  Octo- 
ber 31, 1881,  but  owing  to  other  and  more  important  experiments  on 
band  the  Board  did*  not  commence  the  experiments  until  January  6, 

1882,  and  they  were  completed  January  11, 1882.  The  record  of  firing 
inclosed  shows  the  pressures  and  velocities  obtained  with  each  pro- 
jectile, t>arget  records  of  each  at  mile  and  3,000  yard  targets,  ranges  of 
both  over  water  at  5^  and  10^  elevation,  and  observations  of  the  flights 
of  both  as  to  cleanness  of  sound. 

From  an  analysis  of  the  record  the  following  facts  will  be  shown : 

1.  The  average  pressure  and  velocity  with  E.  V.  J.  powder  (which 
was  the  powder  mostly  used  in  the  experiments),  and  the  Butler  pro- 
jectile, was  29,666  pounds  per  square  inch  and  1.374  feet;  while  with  the 
Arrick  they  were  27,833  pounds  per  square  inch,  and  1,371  feet  respect- 
ively. These  results  are  so  close  that  neither  projectile  shows  any 
decided  superiority  over  the  other. 

2.  Observations  weVe  ma<le  of  the  flight  of  the  projectiles,  both  at  the 
targets  and  when  fired  over  water,  as  to  the  sound  made  in  passing 
through  the  air,  a  clear  smooth  sound  indicating  a  true  rotatory  motion 
of  the  projectile,  and  an  irregular,  interrupted  sound  indicating  an  im- 
I>erfect  rotation  of  the  projectile. 

It  will  be  observed  from  the  summary  that  there  were  over  25  per 
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cent,  of  the  Butler  projectiles  tbat  had  an  irregular  flight,  while  only  i 
little  over  4  per  cent,  are  credited  to  the  Arrick  projectile. 

3.  In  considering  the  target  firing  we  will  first  examine  the  records 
of  those  made  at  a  mile's  distance.  The  firings  at  this  target  were 
made  on  Janiiarj'  7,  9,  and  10.  On  the  7th,  after  firing  3  shots  alter 
nately  with  each  projectile  to  get  the  proper  elevation,  8  shots  were 
fired  in  the  same  manner,  giving  5  direct  hits  with  each — the  mean 
horizontal  deviation  being  for  the  Butler  0^  1'.83,  and  for  the  Arrick  (K-SG. 
The  gun  becoming  heated  the  elevation  was  too  great  for  the  last  rounds, 
and  it  was  so  marked  in  the  case  of  the  Arriok  that  the  elevation  wa^ 
made  0°  5'  less  for  the  last  shot.  On  the  9th  5  shots  were  fired  with  each 
projectile,  gi\nng  5  direct  hits  for  the  Butler  and  3  for  the  Arrick. 

The  elevation  used  for  the  Butler  was  found  to  be  too  high  for  the 
Arrick,  the  first  shot  going  over  the  target,  and  hence  the  elevatioo 
was  decreased  0°  IC,  but  this  again  was  too  low,  as  the  second  shot  at 
this  elevation  went  under  the  target.  On  the  10th  5  shots  were  fired 
with  each  projectile ;  3  direct  hite  were  obtained  with  the  Butler  and 
2  with  the  Arrick.  The  first  shot  of  this  series  with  the  Butler  was 
fired  with  an  elevation  of  3°  1(K,  but  fell  short ;  the  next  with  an  eleva^ 
lion  of  30  15'  struck  the  target,  while  the  third  shot  with  the  same 
€ilevation  fell  short;  but  an  elevation  of  3°  18'  caused  both  the  fourth 
and  fifth  shots  to  strike.  The  first  and  second  shots  with  the  Arrid 
were  fired  under  3°  5'  and  3^  1(K  elevation,  respectively,  but  both  fell 
«hort.  With  an  elevation  of  3^  13'  the  third  and  fourth  shots  ga^c 
•direct  hits,  while  the  fifth  under  the  same  angle  fell  short.  The  mean 
horizontal  deviations  were  for  the  Butler  1'.74,  for  the  Arrick  I'.OO. 

It  thus  appears  that  at  this  range  a  less  elevation  is  required  for  the 
Arrick  projectile,  and  the  horizontal  deviation  is  less.  This  powder 
was  different  from  that  first  used,  and  the  elevations  were  higher  than 
they  would  have  been  with  B.  V.  J. 

On  the  9th  firing  commenced  at  the  3,000-yard  range,  3  shots  of  each 
kind  being  fired  to  determine  the  elevation,  which  was  found  to  be  5°  50 
for  the  Butler  and  6^  44'  for  the  Arrick.  Four  shots  were  then  fired 
with  each  projectile,  and  4  direct  hits  were  obtained  with  the  Arrick, 
while  3  resulted  with  the  Butler,  one  shot  (the  third  of  the  series)  fall 
ing  short.  The  horizontal  deviation  was  for  the  BuAler  1'.89  and  for  tk 
Arrick  4'.08.  At  this  range,  also,  then,  the  elevation  was  less  for  the 
A  rrick,  but  the  horizontal  deviation  was  greater. 

On  January  11  firing  took  place  over  the  sea.  Five  rounds  were  fired 
with  each  projectile  under  6^  elevation.  Two  Butler  and  one  Arrick 
were  not  located.  The  mean  range  for  the  Butler  projectiles  was  2,641 
yards,  the  mean  lateral  deviation  4.44  yards;  for  the  Arrick  the  mean 
range  was  2,680  yards,  and  deviation  2.38  yards. 

The  elevation  was  then  changed  to  10°,  and  5  rounds  of  each  again 
fired  with  the  following  result:  Butler  projectile,  mean  range  4,552 
yards,  mean  lateral  deviation  2.24  yards;  Arrick  projectile,  mean  range 
4,828  yards,  mean  lateral  deviation  2.4  yards. 

Consideration  of  these  data  shows  that  on  the  whole  the  horizontal 
and  lateral  deviations  of  the  two  projectiles  do  not  materially  differ, 
although  at  short  ranges  they  are  in  favor  of  the  Arrick  projectile. 
For  a  given  range  the  angle  of  elevation  is  decidedly  less  for  the  Arrick 
than  for  the  Butler,  and  therefore  presumably  the  trajectory  is  flatter 
and  the  dangerous  space  greater  for  the  Arrick. 

4.  The  cost  of  the  Arrick  cored  shot  is  put  by  the  Ames  Manufactur 
ing  CJompany  at  8  cents  per  pound,  while  9  cents  per  pound  is  asked  b.r 
the  South  Boston  Iron  Company  for  the  Butler  projectile.    The  metf 
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weights  would  probably  average  180  pounds  for  each,  and  the  cost  for 
2,000,  taking  the  cored  shot  as  a  basis,  would  be^ 

2,000  Butler  180-pound  shot,  at  9  cents  per  pound |32, 400  00 

2,000  Arrick  180-pound  shot,  at  8  cents  per  pound 28,800  00 

3,600  00 

The  Board,  from  a  consideration  of  the  general  results  of  the  firings 
and  the  difference  in  the  cost  of  the  two  projectiles,  recommends  the 
procurement  of  the  Arrick  projectiles  to  fill  the  order  for  2,000  8-inch 
M.  L.  projectiles. 
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Target  record  of  firing  with  6-ineh  mu£zle4Mi^ 


Powder.    ■    Projectile. 


Barometer,  30.336;  ther- 
mometer, 42 ;  hamidity. 
92;  wind,  13  miles  an 
hour. 


Barometer,  30.225;  ther- 
mometer, 42;  hamidity, 
02;  wind,  10  miles  an 
hoar. 


£ 

2  I   Time. 

o 
1.1 

I 

0 
J25 


'     1882. 
88|  Jan.    6 

89  Jan.   6 

Oo'  Jan.    6 


Kind.     ^ 

.a 


91 


A.  M.— Barometer,  30.17; 
thermometer.    38;     ha-, 
midity,    82;     wind,    18' 
miles  an  hoar. 


Jan.   6 


P.  M.— Barometer,  30.183; 
thermometer,  39.5;  htk-< 
midity,    82;     wind,    18 
miles  an  hoar. 


92  Jan.  6 
I 

93  Jan.  6 

94  Jan.  7  I 

95  Jan.  7 

96  Jan.  7 

971  Jan.  7 

I 

98;  Jan.  7  ; 

99  Jan.  7  | 

i  I 

lOOJ  Jan.  7  ! 

102  Jan.  7  \ 

104|  Jan.  7 

106'  Jan.  7 

108  Jan.  7 

UO  Jan.  7 

112  Jan.  7 

114'  Jan.  7 


a" 

o 


a 

i 


s 


« 

g 


§ 

el 

&• 

M 


a 

o 

a 


35 
35 
35 
35 

35 
35 

35 
35 
35 
35 
35 
85 


Kind.     '  ^ 

!  « 


Batler..  180 
Arrick-.  180 
Butler..  I  180t 
Aniclt..    180 

Butler . .    180 


I 

« 


-i    IS 


a-g 


*g 


a      5- 


^1 


e  K 

c-r 

—  u 


'3   '  Fart.  I 

30  29,000  1,368 

! 

30  29,500  1.390| 

30  32,500  1,388{ 

30  25,500  1,357 

I 

30  27,500  1.367' 


Ftti 

2.75,1 


Arrick. 


Butler..    180 


180       30  28,500:  1,368 


Arrick.. 
Batler . , 
Arrick.. 
Butler . 
Arrick.. 


35  Butler.. 


180 

180 

I 
180! 

180 

180 

180 


35i...do >  180 


I    35 

I 

r  , 

I    36 
,    35 


.do  — 
do  .*, 


181! 
181 


•  do. ...I  181 


.    35  . .  do 


35, 

35' 


do 

do  .... 


181 
181 
181 


2  45 
2  45 
2  50 
2  50 
2  55 

2  55 

I 

3  05 

t 
3  05 

3  05' 
3  05^ 
3  05 

3  05 

« 

3  05 
3  05 


I 


3.50  Is- 
3.92  gZ 
3.92 


I 
4.00, 

4.17] 

3.50 
3.50 
3.56 
8w50 
3.17 
3.00 

2.92 

2.8S 


I 


s 


«:ff 


2.83  1 

2.75 

2.75 

2.75 

2.92 

2.66 


n 


6     I 


C 


c 
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rifle  No,  7,  B.  /.,  at  Sandy  Hook,  N.  J, 


Distance  from  center  of  target, 
in  feet. 


Vertical. 


Horizontal. 


AboTC. 


Below. .  Right. 


Left. 


Distance  from  center  of  impact, 
in  feet. 


Vertical. 


Horizontal. 


Above. !  Below. 


Right.  I   Lea. 


>  Fired  into  sand  butt  for  pressui'es  and  velocities 


J 


-  Fired  at  mile  target.    Sighting  shots  for  elevation 


Struck  ground  8  yards  to  left  and  37  yards  beyond  target. 


3.50 


3.50 


2.32 


Struck  ground  16  yards  in  firont  of  target 

'              I              I              '  I 
I      2.00         1.20 3.18 


8.50 


.35 


L75 


6.00 
6.50 
6.00 


L53  I      L86 

5.32  i 1      L86 

2.93        1.36 


Over  target. 


10.00 


4.10 


23.20 


I 


I 


7.64        7.64 


4.68 


6.90  -I-  5=1.18 


23.20  ••-5=4.64 


15.28  ••-5=8.06 


Special  remarks  about  each  fire, 
such  as  effect  on  piece,  sound  of 
projectile  in  flight,  scattering  of 
fragments,  &o. 


Front  left  guide  bolt  broken. 


< 


'  Struck  69  yards  in  front  of  target. 

Struck  17  yards  in  front  of  target. 

Direct  hit  9'  below  T  left. 

Under  target 

Struck  69  yards  in  front  of  target. 
.  Struck  33  yards  in  ftont  of  target. 

Flight  irregular. 


1.14 


3.44 


4.58 


9.16-^-5=l.( 


Flight  irregular. 

Fired  at  mile  target.    Target  Ko. 
1  20*  X  40^,  1-inch  spruce. 

Flight  irregular. 


Mean  vertical  deviation  from  cen- 
ter of  impact,  8^06. 

Mean  horfzontal  deviation  from 
center  of  impact,  1'.83. 

Mean  deviation  from  center  of  im« 
pact,  8^57. 
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Target  record  of  firing  with  6-ineh  mude- 


Powder.        Projectile. 


V-      Time.- 

o 

h 

B 


Kind.     ;^ 

u 


Kind. 


> 


A.  M.— Barometer,  30.17; 
tberniometer,38:  liamid-  • 
ity,  82  per  cent. ;  wind, ' 
18  miles  an  hour. 


P.  M.— Barometer,  30.183; 
thermometer,  30.5;  hn- 
midity,    82    per   cent.;' 
wind,  13  miles  an  hour. 


101 
103 
105 
107 
109 
111 
113 
115 


1882. 
Jan.   7 

Jan.  7 

Jan.  7 

Jan.  7 

Jan.  7 

Jan.  7 

Jan.  7 

Jan.  7 


Barometer,  29.01;   ther 
mometer,  45;  hamidity, « 
89  per  cent.;  wind,  16 
milea  an  honr. 


ai« 

118 
120 
122 
124 


117 
110 
121 
123 
125 


Jan.  0 
Jan.  9 
Jan.  0 
Jan.  0 
Jan.  0 


Jan.  9 
Jan.  0 
Jan.  9 
Jan.  0 
Jan.   9 


p* 

o 

i 


s 

> 

•a 

a 
o 

« 

I 

p 


35 
I  35 
35 
35 
35 
35 
35  i 
35  { 


35 
35 
35 
35 
35 


35 
35 
35 
35 
35 


Arrick 
. .  -do  . . 

.  .do  .. 
. .  do  . . 
...do  .. 
...do  .. 
...do  .. 
...do  .. 


Bntler 
. . .do  . . 
...do  .. 
. .  .do  . . 
..  .do  .. 


Arrick 
. .  .do  . . 
...do  .. 
. . . do  . . 
...do  .. 


P.O 


ft 


.a 


o 

-a 


,p 


Lb$  o    ' 

180  3  05 

180  3  05 

1 

180  3  05 

180  3  05! 

180  3  05 

180  3  05 

180  3  05! 

180  3  00 


>  s 

is 

I" 


Feet. 


0 


X      a 


2.S 
2.75  >- 


2.83  )2i; 


)■ 


2.75j^«l 
2.92 


2.63 


2-83  411 


aoo 

2.83 


z 


t 


1811  3  05 
1811  3  05 
18r  3  05 


181 
181 


3  05 
3  05 


I80;  3  05 
180  2  55 
180  2  55 
I80!  3  00 
180  3  00 


1 

3.75 

3.83 

3,98 

3.00 

3.00 

1 

s 

( 

h 


I.  s 


4.00 

3.42 
3.00 
3.00 
292  j 
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loading  rifle  Xo,  7,  B,  /.,  ^c. — Continaed. 


Distance  from  center  of  target,     Distance  from  center  of  impact, 


I 


in  feet. 


in  feet 


-  I 


Special  remarks  abont  each  fire, 
Vertical.  Horizontal.  Vertical.  Horizontal.     '      such  as  effect  on  piece,  sound  of 

Jirojectile  in  flight,  scattering  of 
r 


Above. 


rragments,  Sec. 


Below.    Right.      Left.     Above.  Below.    Right.  J   Left. 


0.65        2.00 

9.75    2.50 

7.00  , 3.00 

7.00    2.00 

3.00        2.76 

Over  target 

Over  target 

Over  target 


1 

I 

1  ^ 

4.67    . 

•  •  •  •  .   •  .  1 

5.73    . 

.05  1 

2.08    . 

.55! 

' 2.98    . 

, 

1 

1                              1 

7.02  i 

.30 

45    1 


.46 


.  Fired  at  mile  target.    Target  No. 
2,  20^  X  iiy,  1-inch  spruce. 


23.76        3.65       12.25    •    11.69       11.69 


20.10+5=4.02      12.25-1-5^2.46 


23. 88-1-5=4. 68 


.90 


1. 80-1-5=0. 36 


Mean  vertical  deviation  ftom  ceD* 
.  90  '      ter  of  impact,  4'.68. 

Mean  honsontal  deviation  from 
center  of  impact,  0^.36. 

Mean  deviation  from  center  of  im- 
pact, 4'.69. 


L50 
4.75 


6.25 


3.00  ; I      2.00 

5.25  I      4.84  I 


LOO 


'I 


4.83 


.38  <. 


9. 35        4. 84 


7. 49        7. 49        7. 49        5. 90 


4.30 
5.90 


Fired  at  mile  target.    Target  Xo. 
'    3,  20'  X  4<K,  l-inch  spmce. 


3.10-^5=  .62  I     2,65-^6=  .53  '    14.98-^5=3.00      H.  80-1-5=2, 36 


Mean  vertical  deviation  from  ceD> 
ter  of  impact,  8'.  00. 

Mean  horizontal  deviation  from 
center  of  impact,  2'.86. 

Mean  deviation  from  center  of  im- 
pact, 8^.82. 


Over  target,  in  ]ine  of  vertical 


7.00 
Under  target.. 

I      2.26 

2.75  i 


4.00 


4.83 


2.61 


.50 


.09 


.67        4.92 


2.75  ;      9.26  I        .50  '      4.67        4.92 


L89  , 
.72  ' 


Fired  at  mile  target.    Target  No. 
4,  20*  X  40^,  l-inch  spmce. 


Mean  vertical  deviation  fh>m  cen- 


4. 92  !      2. 61  I      2. 61  I  „ter  of  impact,  3'.28. 

>rizon 


Mean   horizontal  deviation  from 
center  of  impact,  1'.74. 

6.51-^3=2.17!     4.17-1-3=1,39       9. 84-^3=3. 28  j     6.22.^3=L74  j  ^JJ^^I^ITn***"" '^^  *^°**''*'*^*°'* 
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Target  record  of  firing  with  &-inch  muzilt- 


I    o 
<    b> 

9 

s 

3 
3q 


Powder. 


Projectile. 


Time:   i 


Kind. 


Barometer.   29M7;    ther- 
mometer, 46 ;  humidity,, 
61  per  cent. ;    wind,  23 
miles  an  hour. 


1882. 

126  Jan.  9 

'        !  I 

127  Jan.  9 

j  128  Jan.  9 

129  Jan.  9 

I 

130  Jan.  9 

131  Jan.  9 

132  Jan.  9 

'  135  Jan.  9  '■ 

I  137  Jan.  9 

139  Jan.  9 


I 


♦X  !    Kind.       ^  1  -2 


.a   I 


133  Jan.  9 

134  Jan  9 
136  Jan.  9 
138  Jan.  9 


CM 
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s 
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a 

9 


ee 

I 

es 
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.c 
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I 

35  I 

35  ' 

I 

35 
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9 
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S  o 
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31 


s 
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[Lbi    o    '     !*#.    Feet.     FeeU 
Butler ..'  181   5  35 3.08 


Arriclc 
Batler . 
Arriolr 
Bailor . 
Arrick 

. . . do  . . . 
. . . do  . . . 
— do  . . . 
. . . do  — 


180   5  35i 3.08 


181 
180 
181 
180 


5  45 


I 


3.00 


5  45 3.00 


5  50; 
5  40. 


180   5  44 


3u00 
3.00 


3.00 


180   544. 3.17 


180  5  44 
180   5  44 


3.25 

1 
I 

3.17 


35 

Butler . . 
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35 

...do 

181 

35 

. .  -do  . 
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35 

.  -  do 
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5  50 

5  50| 
5  50 
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loading  t'ifle  No.  7,  B,  /.,  ^c. — Contiuued. 


DiatttDce  from  center  of  target,    Distaiice  from  center  of  impact, 
in  feet.  in  feet. 


Vertical. 


Horizontal. 


Vertical. 


I  Special  remarks  abont  each  fire, 

Horizontal.     ;      »°<^^  as  effect^on  piece  sound  of 
l>ro]eotile  m  flight,  scattering  of 
I      ft 


fragments,  &c. 


Above.    Below.    Right.     Left.     Above.    Below.    Bight.      Left. 


1^5 


u 


^ 


Struck  100  yards  in  front  of  target 

Under  target,  10  feel  to  left  of  vortical 

Under  target,  in  line  of  vertical 

Over  target,  about  line  of  vertical ■ 

Direct  hit;  15'  right,  11'  below |  Flight  inegular. 

.  Under  target,  liue  2  feet  to  right  of  vertical 


7.00 


2.00 
7.33  ; 


6.83  i     10.27    ..* 6.17    1 

2.66         L27 I       1.90 

.75    !      4.06 09 


s 


10.75  '      7.50 


7.  48         8. 16 


Fired  at  3,000  yard  target.  Tar- 
get  No.  5,  30'  X  40',  1-inch 
spnice. 


j              ,  Mean  vertical  deviation  ftrom  cen- 

7. 00       20. 08      •  7.  50       10. 14       11. 54       11.  54  '      8. 16  |      8. 16  ,  *«»"  of  Impact,  bf.ll. 

I                             I  Mean    horizontal   deviation  from 
—        center  of  impact,  4'.08. 

13. 08+4=3. 27       2.  64-h4=.  66       23. 08-4=5. 77      16. 32-4=4. 08  ^«^«"  deviation  from  center  of  im- 


12.00         5.00    

7.00         L24    1.78 

Struck  300  yards  in  front  of  target 

7.34        6.00  ! 1.44 


3.22  .92 


2.84 


26. 34       12. 24 


3.22        3.22 


1.92 


2.84  I      2.84 


26.34-3=8.78      12.24-3=4.08       6.44-3=2.15        5.68-8=L89 


pact,  7'.07. 


Fired  at  3,000  yard  target.    Tar- 
'      get    No.    6,    30'  X  40^,    1-inch 
spruce. 


Mean  vertical  deviation  from  cen* 
ter  of  impact,  2'.15. 

Mean  horizontal  deviation  from 
center  of  impact,  1'.89. 

Mean  deviation  from  center  of  im- 
pact, 2'.86. 
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Target  record  of  firing  with  8-iiidk  wuuzk- 


Powder. 


Projectile. 


Time. 


ii 


Kind. 


Barometer,  30.411;    ther- 
mometer, 37.8;    hamid-. 
ity,  53;  wind,  12  miles 
an  hour. 


Barometer,  30.350;    ther 
mometer,  35:  hamldi^, 
89;    wind,   2   milea   an*" 
hoar. 


*    1882. 
'  140  Jan.  10 

!  141   Jan.  10 

*  142  Jan.  10 

I 

I  143  Jan.  10 

'  144^  Jan.  10 

!  145  Jan  10 

I  146  Jan.  10 

I        I 
147}  Jan.  10 

I        I 
■        I 
148'  Jan.  10 

149  Jan.  10 

15o'  Jan.  10 

151*  Jan.  10 

1 
152  Jan.  10 

154*  Jan.  10 

156  Jan.  10 

158  Jan.  10 

160  Jan.  10 


113 


■»» 


b>S 


P 


doQ  bc 
P 


i 

9 


tc 


1^« 

r;  85 

35 
35 

35  I 
35  I 
35 
85 
35 


Kind. 


tc  I 

&   I 


£ 

ee 

o       ci 


5. 


i. 


•s 


Batler . 
Arrick 


Lbs]  °    '    Lb0.    Feet.    Fl. 
1811  5  50 3.12 


180 


Butlor..    181 


<^ 


& 


153  Jan.  10 
155'  Jan.  10 
157  Jan.  10 
159  Jan.  10 
161  Jan.  10 


^^ 

.  a 
a 

I 

H 

a 
o 

p 


Arrick  . 
Butler . . 
Arrick  . 
Butler . . 
Arrick  . 


35 

Butler . . 

35 

Arriok  . 

35 

Butler. . 

35 

Arriok  . 

35 
35 

i  ^ 

l36 
35 


Butler. - 


180 
181 


5  44 

5  55 

5  50 

6  00 


3.33 

3. 17 

3.oe 

3.83 


180  5  54 |3.17 

181  5  40 31 00 

180 -5  40 8.00 


181 
180 
181 
180 


40 
30 


1,294   3.17 
1,285^3.06 


3021,5001.324   3.42 

I  *i 

15  24,5001,336   3.42 


180*  3.10 i 3.42 


..do....|  180  8.15 ,188 

...do....    182  3.151 ! 8.33 

t 

..do....    182  ai8 3.33 

I  I 

. . .  do  ....    182  3. 18......  ......  S.SS 


35 
35 
35 
35 
35 


Arrick 
..  .do  — 
..  'do  ... 
. .  do  . . . 
. . .  do  ... 


180.  3.05| 3.25 

180  8.10 3.33 

1 
180   3.13 3.33 

1  180   3.13 8.83 

r 

180   3.13 3.33 

I 


X 


ii 

L 
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loading  rifle  No,  7,  B,  I,  4^, — Continned. 


Distance  from  center  of  target.    Distance  ftt)in  center  of  impact, 
in  feet.  in  feet. 


Vertical. 


Horizontal. 


Vertical. 


Horizontal. 


Special  remarks  aboat  eneli  fire, 
such  as  effect  on  piece,  soond  of 
projectile  in  digbt,  scattering  of 
migments,  d:c. 


Above.   Below.    Right.  '   Left.     Above. 


Below. '  Right.     Left.   I 


0) 

S 

1 


Struck  100  yards  in  front  of  target 

Struck  35  yards  in  front  of  target 

Struck  45  yards  in  front  of  target 

Struck*  400  yards  in  front  of  target  i 

Struck  40  yards  in  front  of  target Flight  Irregular. 

Direct  hit,  13'  right;  7'  below. 

Struck  350  yards  in  front  of  target ;  Flight  slightly  irregular. 

I 

Struck  just  beyond  mile  target    Sabot  did  not  take  grooTCS. .  i  Fight  very  irregular. 


>  Fired  into  sand  butt  for  velocities. 

>  Fired  Into  sand  butt  for  pressures  and  velocities. 


Struck  40  yards  in  frt>nt  of  target ;  flight  irregular 


1.00 


1. 50  .28 


Struck  20  feet  in  frt>nt  of  target 


2.61 


I      3.84  ; 

5.00  ! ' 


6.00        3.84  ' •    12.33        4.56        4.56 


2.16-i-3=.72         12.33-1-3=4.11   I    9.12-1-3=3.04 


Flight  slightly  irregular. 

d  at  mile  target.    Tai 
7,  20^x40',  1  inch  spruce. 


Fired  at  mile  target.    Target  No. 
r,  lint' 


9  Ai  I      9  A1  I  Mean  vertical  deviation  from  cen 


Mean    horfzontal   deviation   from 
n  99    «_i  7^         center  of  impact,  1'.74. 
D.iS2-i-8— 1.74      Mean  deviation  ftt>m  center  of  im- 
pact, 3'.50. 


Struck  25  feet  in  frt>nt  of  target. 
Struck  40  feet  in  front  of  target. 


6.00 


2.00  '      5.25 


LOO 


4.50 


4.00 


5.25 


LOO 


Struck  60  feet  in  front  of  target;  stripped  in  tlight 
6. 00        4. 50 


L50-«-2=.75 


Fired  at  mile  target.    Target  No. 
8,  20^x40',  1  inch  spruce. 


6.00        5.25 


6.25         LOO         LOO 


center  of  impact  I'.OO. 
6.001-2=3.00    I    10.60+2=5.25       2.00i-2=1.00      Mean  deviation  from  center  of  im- 


Mean  vertical  deviation  from  cen* 
ter  of  impact  5^.25. 


npact 
Mean   horizontal   deviation   from 
center  of  ii 
can  deviatj 
pact,  5'.34. 


£24 
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Target  record  of  firing  re 


T.JB.Ma;  IhcnDomeler. 43^ 

tr.  T4>  wind,  M  mllei  tn 


L«9  .  Ji 
ITO  i  Jan. 


Welebt  or  AiTlcli  Bubot 


10  poands,  S| 


Lbf 
»5     Bntirr 

35     Arrict , .  - . 

3S     Bntler 

S5     Arrick 

35     BuUfr ._. 

35     Arrick   

35  ■  BnUer 

35  .  Arriek 

35     BuUer 

»S  I  Bnller 

35     Arrick. 

35     Botler 

35  '  Arrick 

35  -Botlfr 

30     Arrick... 

35    Botler I 

3S'  Arricik I 


SO    1«    : 

LT»     10    ! 


.7»  I  »     3 
.7ft     !•    ' 
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loading  rifle  No.  7,  B,  L,  ^, — Continaed. 


Deflection  in 
yards. 


19Hght.. 
18  right.. 
15  right . 
18  right.. 
15  right. 
Bright... 
10  right. 

4  left 

15  left... 
None 

6  left 

2  right.. 

7  left.... 
None  — 
9  left..., 
4  loft.... 

left.... 


o  « 

11 

52 


Special  remark«  about  each  fire,  snch  m  effect  on  piece,  sound  of  projectile 

in  flight,  scattering  of  fragments,  Sec 


•c 

J. 


B 


u 


5 


Lost 

Lost 

Lost 

2, 505  yards.. 

2, 820  yards.. 

2, 720  yards.. 

Irregular  flight 2,820yards.. 

2, 720  yards.. 

2, 683  yards.. 

2, 715  yards.., 

4, 664  yards.. 

4, 864  yards.. 

Irregular  flight 4, 448 yards.. 

4, 849  yards.. 

Irregular  flight 4,406yards.. 


Average  Butler,  2,641  yards. 
Average  Arrick,  2,680  yards. 


Average  Butler,  4,552  yards. 


IrreguUr  flight  at  sUrt...  4. 857  yards.,  [^▼•"go  Arrick,  4,828  yards. 


4, 577  yards.. 
4, 785  yards.. 
4, 664  yards.. 
4, 785  yards... 


I 


Weight  of  Butler  sabot,  9  pounds,  15|  ounces. 


Appendix  39. 

KEPOKT  ON  PROTECTION  OF  (iUNPOWDEK  MAGAZINES  FKOM 

LIGHTNING. 

(3  plates.) 

PlCCATINNY   POAVDEE  DEPOT, 

Dover  J  N.  J.,  February  1, 1882. 

Sib  :  I  am  gravely  impressed  with  the  importaDce  of  a  proper  selec- 
tion and  correct  arrangement  of  conductors  to  insure  to  the  large  mag- 
azine buildings  at  this  post  as  complete  protection  from  lightning  as 
possible,  and  I  have  given  some  attention  to  the  subject.  The  questions 
as  to  the  kind,  number,  and  size  of  conductors,  the  mode  of  attaching 
them  to  the  building,  the  character  of  earth  terminations,  &c.,  &c.,  now 
demand  an  answer  at  least  with  referencse  to  the  magazine  already  built. 

There  seems  to  be  a  difference  of  opinion  among  authorities,  and  there 
are  also  some  peculiarities  in  the  construction  of  this  magazine,  notably 
the  metal  roof,  which  might  affect  the  decision,  and  which  I  have  not 
seen  in  any  case  where  the  best  methods  for  protection  from  lightning 
has  been  discussed. 

I  therefore  request  instructions  on  the  above-mentioned  subjects,  or 
that  I  may  have  the  benefit  of  the  opinion  and  judgment  of  a  board  of 
officers,  either  the  Ordnance  Board  or  a  special  board,  to  aid  in  a  correct 
determination  on  these  doubtful  points. 

Very  respectfully,  your  obedient  servant, 

F.  H.  PAEKER, 
Major  of  Ordiiancej  Commanding. 

Chief  of  Ordnance,  U.  8.  A., 

Washington^  D.  C. 

The  Ordnance  Board,  U.  S.  A., 

New  York  Arsenal, 
Oovernor^s  Island^  New  York  Harbor^  March  29,  1882. 

Proceedings  of  the  Ordnance  Board  under  the  provisions  of  the  fol- 
Icfwing  order : 

[Special  Orders  No.  29— Extract.] 

Headquarters  of  the  Army, 

Adjutant-General's  Office, 

Washington,  February  6,  1882. 

•  •  »  »  •  »  « 

5.  By  direction  of  the  Secretary  of  War,  the  Ordnance  Board,  consisting  of— 

Lieutenant-Colonel  Thomas  G.  Baylor, 

Major  Greorge  W.  MoKee, 

Captain  Charles  Shaler, 
-will  proceed  to  the  Piccatinny  powder  depot,  New  Jersey,  to  determine  on  the  best 
method  of  protecting  the  gnnpowder  magazines  from  the  effects  of  lightning. 

They  will  report  tneir  opinions  and  recommendations  to  the  Chief  of  Ordnance. 

«  «•  »  ♦  •  #  ■      # 

By  command  of  General  Sherman. 

R.  C.  DRUM, 
Admiant' General, 
Official. 

H.  C.  CORBIN, 
A»9i9tant  Adjutant- General, 

5j^ 
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In  accordaDce  with  the  foregoing  order  the  Board,  on  Febnian^. 
1882,  proceeded  to  Dover,  N.  J.,  to  consult  with  the  commanding  office 
of  the  Piccatinny  powder  depot,  to  examine  his  plans  for  protecring  tbt 
magazine  against  lightning,  and  to  observe  the  location  and  arrangf 
ment  of  the  buildings. 

The  plans  submitted  are  inclosed  herewith. 

The  magazine  tract  lies  in  a  valley  surrounded  by  high  rocky  bilk 
The  nature  of  the  hills  is  such  that  the  well-watered  valley  woolil 
probably  afford  a  better  conducting  surface  than  the  higher  gronnA 
The  magazine  is  covered  with  a  roof  of  corrugated  iron,  supports! 
by  roof  trusses.  The  outside  doors  and  shutters  are  of  wrought-iroB 
plate.  Taking  into  consideration  the  construction  of  the  baildiDg  aod 
the  nature  of  the  surface  upon  which  it  stands,  it  would  probably  afford 
the  medium  through  which  discharge  if  it  take  place  in  the  vicinity 
would  occur. 

The  points  presenteil  for  consideration  will  now  be  taken  up  in  det^iil 

MATERIAL  FOR  CONDUCTORS. 

In  general  the  weight  of  authority  indicates  that  copper  should  h 
used  on  account  of  its  high  conducting  power  and  its  resistance  b* 
rapid  deterioration  from  oxidation  or  the  action  of  deleterious  gas^ 

In  this  particular  case,  however,  its  use  would  be  objectionable,  fertile 
reason  that  its  contact  with  the  roof,  whether  direct  or  thrt>ngh  tk 
medium  of  holdfasts,  which  should  be  of  the  same  material  as  the  coa^ 
ductor,  would  be  liable  to  set  up  galvanic  action,  and  thereby  cause  ic 
jury  to  the  roof,  or  to  the  conducting  power  of  the  holdflEists  or  to  botii 

Iron  should  therefore  be  used,  and  its  inferior  conductivity  maybe 
compensated  for  by  increased  cross- section;  and  thereby  an  additioml 
advantage  is  gained,  namely,  that  a  larger  mass  of  a  material  havisi 
a  much  higher  fusing  point  than  that  of  copper  is  presented  for  the 
passage  of  the  current.  By  galvanizing  and  painting  the  iron  its  oif 
dation  can  be  prevented  for  a  long  time. 

TERMINALS. 

The  terminals  should  be  galvanized  wroughMron  rods,  each  having 
a  beveled  and  gilded  extremity,  surrounded  by  a  collar  of  wrought  iroa 
screwed  and  soldered  to  the  rod  a  little  below  its  upper  end.  This  col- 
lar should  be  provided  with  pointed  iron  wires  gild^  like  the  extremity 
and  for  the  same  reason,  viz,  to  prevent  destruction  by  fust.  The  fis^ 
points  would  facilitate  silent  discharge,  while  disruptive  discharfe 
could  take  place  through  the  beveled  extremity  without  danger  oi 
fusion. 

CONDUCTORS  AND  CONNECTORS. 

By  using  galvanized  iron  wire  rope  for  the  greater  part  of  the  sy!» 
tem  very  few  joints  will  be  requiretl.  The  rope,  as  indicated  in  figure 
on  Plate  I,  passes  through  a  wrought-iron  T.  The  galvanized  rod  will 
rest  in  the  vertical  part  of  the  T,  and  when  the  whole  connection  i^ 
well  soldered,  it  will  make  a  joint  of  a  conducting  power  equal  to  that 
of  the  wire  rope.  At  the  ridge  of  the  roof  is  a  plate  almost  circular  in 
section,  called  the  *' ridge  roll."  This  permits  the  use  of  a  convenieo: 
connector  for  the  rope  which  is  shown  in  figure  on  Plate  I.  The  smfacp 
of  contact  has  such  an  extent  that  it  exceeds  six  times  the  cross-set 
tion  of  the  rod,  and   thus  complies  with  the  requirement    that  the 
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surface  at  a  joint  should  be  at  least  six  times  the  sectional  area  of  the 
conductor.  The  rope  may  lie  upon  the  roof  itself,  but  where  it  passes 
over  the  eaves  it  should  be  curved,  so  that  the  length  of  the  curved 
part  may  not  be  such  as  to  admit  of  disruptive  discharge  between  the 
straight  parts. 

Tl)^  hold&sts  should  be  of  iron,  and  should  allow  the  rope  to  expand 
and  contract  freely.  It  is  feasible  to  secure  moist  contact  for  the  deep 
earths  in  this  locality,  and  by  allowing  each  continuous  rope,  as  indicated, 
to  run  down  on  either  side  of  the  building,  and  to  terminate  at  a  plate 
always  moist,  it  would  seem  that  every  l^nefit  obtainable  would  be  se- 
cured. '  A  horizontal  wire  rope  should  connect  all  the  vertical  ropes,  so 
that  should  one  of  the  latter  be  injured  all  the  rest  of  the  system  acts 
to  aid  it.  The  metal  shutters  and  doors  should  be  connected  to  the 
general  system  by  galvanized  iron  straps  equal  in  cross-section  to  the 
conductors  themselves.  The  girders  and  columns  should  not  be  con- 
nected either  with  the  earth  or  external  system  of  conductors. 

EARTHS. 

Advantage  should  be  taken  of  the  down  spouts  (three  on  each  side)  to 
lead  the  central  and  extreme  conductors  through  them,  permitting  them 
to  pass  under  the  surface  drains,  so  that  a  moist  surfaceearth  would  be 
obtained  almost  immediately  after  the  commencement  of  rain.  With  a 
view  to  increasing  theextent  of  this  contact  the  ropes  should  be  carried 
under  ground  for  some  distance  from  the  building,  as  shown  in  Plate  ItL. 
before  passing  downward  to  the  deep  earth.  The  deep  earth  itselr 
should  be  a  cast-iron  water-pipe,  to  which  the  ends  of  the  wire  ropes 
are  securely  soldered.  It  should  be  about  ten  feet  long,  and  a  foot  in 
diameter,  thus  giving  an  exterior  surface  of  thirty  feet,  which  is  consid- 
ered ample.  It  should  be  placed  in  a  well  always  moist,  a  condition, 
which,  as  stated  before,  may  be  readily  secured  in  this  place. 

TESTING. 

While  some  simple  method  of  testing  for  loss  of  conductivit>y  or  breaks 
in  the  circuit  would  be  desirable,  the  continuity  of  the  proposed  system 
render  it  impracticable,  and  at  the  same  time  diminishes  its  importance. 

SIZE  OP  CONDUCTORS. 

An  examination  of  the  best  authorities  on  the  subject  and  a  consid- 
eration of  all  the  circumstances  indicate  that  a  galvanized  iron  wire 
rope  one  inch  in  diameter  for  the  main  conductors,  a  galvanized  rod 
of  one  inch  round  iron,  and  such  dimensions  as  are  suitable  for  the 
straps  connecting  the  shutters  and  doors  as  will  give  them  a  cross- 
section  of  about  seven-tenths  of  an  inch,  will  be  the  best  arrangement. 

HEIGHT  OF  TERMINALS. 

Much  diversity  of  opinion  exists  on  this  subject,  so  that  it  is  believed 
such  a  height  as  will  permit  a  convenient  examination  of  the  points 
will  be  suitable. 

NUMBER. 

The  building  is  200  feet  long,  and  it  is  considered  that  5  rods  should 
be  erected  giving  a  distance  of  50  feet  between  each. 

34  ORD 
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SUMMARY. 

The  Board  would  recommend  that  the  magazine  examined  should  be 
provided  with  five  condactons  of  one-inch  galvanized  iron  wire  rope, 
well  painted,  each  conductor  to  ran  continuoasly  from  the  ridge  dom 
opposite  faces  of  the  building,  and  to  be  connected  by  a  soldered  ymt 
with  a  cast-iron  water-pipe  10  feet  long,  one  foot  in  diameter,  inserted 
in  a  wet  well ;  the  central  and  extreme  conductors  to  pass  through  tbe 
waterspouts.  The  curvature  at  the  eaves  to  be  such  that  the  lengU 
of  the  curved  portion  shall  not  exceed  one  and  one-half  times  the  dis- 
tance between  the  initial  and  terminal  points  of  the  curve. 

That  the  upper  terminal  of  each  conductor  should  be  a  one-inch  gal- 
vanized iron  rod  with  a  beveled  and  gilded  extremity,  surrounded  at 
one  foot  from  the  end  by  an  iron  collar  screwed  and  soldered  to  it,  hold- 
ing sixequidistant  pointed  and  gilded  iron  wires  six  inches  long.  Hk 
length  of  the  terminal  rods  should  not  exceed  six  feet. 

That  the  vertical  portions  of  the  wire  rope  should  be  conneeted  by  a 
horizontal  rope  of  the  same  kind  and  size,  above  ground. 

That  the  holdfasts  should  be  of  iron  ana  allow  free  movement  to  the 
rox>e  in  expansion  and  contraction. 

That  the  door  and  shutter  connections  and  the  sur&ce  and  deep  earth 
be  arranged  as  previously  described. 

In  everything  relating  to  this  matter  the  Board  has  freely  consulted 
with  the  commanding  officer  of  the  powder  depot,  and  his  views  are  u 
ftdl  accordance  with  those  herein  expressed. 

For  information  on  this  subject  recourse  has  been  had  to  the  paper  tf 
Captain  J.  T.  Bucknill,  Boyal  Engineers,  published  in  Ordnance  Notes 
No.  168,  to  the  report  of  the  ^^  Lightning-rod  conference,"  published  in 
1882,  and  to  various  other  authorities. 
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ACCUBACY  OF  SMALL-ARM  FIRING  ( Appeudix  26) : 

de termin  ation  of (3  plates)         316 

Apportionment: 

of  the  money  value  of  ordnance  and  ordnance  stores  to  the  States  and 

''BR.    Territories  under  the  law  for  arming  and  equipping  the  militia 66 

Ammunition,  rifle  and  carbine  {see  Tests): 

tests  with  the  rifle  and  carbine  to  determine  relative  merits 112 

Appendices: 

1.  Statement  of  principal  articles  procured  bj  fabrication  at  the  arsenals 
during  the  year  ended  June  30, 1882....* IS 

2.  Statement  of  principal  articles  procured  by  purchase  at  the  arsenals 
during  the  year  ended  June  30, 1882 23 

3.  Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to  the  military 
establishment,  exclusive  of  the  militia,  during  the  year  ended  June  30, 

1882 44 

4.  Apportionment  for  the  fiscal  year  ended  June  30, 1882,  of  the  annual 
appropriation  of  |200,000  for  arming  and  equipping  the  militia,  under 
sections  1661  and  1667  Revised  Statutes 66 

5.  Statement  of  ordnance,  ordnance  stores,  &c.,  distributed  to  the  militia 

from  July  1, 1881,  to  June  30, 1882,  under  section  1667  Revised  Statutes.  67 

6.  Statement  of  arms,  ammunition,  &c.,  distributed  to  the  Territories 
and  States  bordering  thereon  from  July  1, 1881,  to  June  30, 1882,  under 
the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  and  June  7, 1878,  and 

the  act  of  May  16,  1878 72 

7.  Statement  of  ordnance,  ordnance  stores,  &c.,  distributed  to  colleges 

from  July  1, 1881,  to  June  30, 1882,  under  section  1225  Revised  Stotutes.  73 

8.  Statement  of  arms  and  ammunition  issued  to  the  executive  depart- 
ments during  the  year  ended  June  30, 1882,  under  the  provisions  of  the 

act  of  March  3, 1879 74 

9.  Report  of  action  taken  during  the  year  ended  June  30, 1882,  under  the 
provisions  of  the  act  approved  March  3,  1881 75 

10.  Report  of  the  principal  operations  at  the  Rock  Island  Arsenal,  Illinois, 
during  the  fiscal  year  ended  June  30,  1882,  Lieut.  Col.  D.  W.  Flagler. 
Ordnance  Department,  commanding (4  plates)  78 

11.  Report  of  the  principal  operations  at  the  Benicia  Arsenal,  California, 
during  the  fiscal  year  ended  June  30,  1882,  Col.  J.  McAllister,  Ordnance 
Department,  commanding 97 

12.  Report  of  the  principal  operations  at  the  Piccatinny  powder  depot, 
New  Jersey,  dunuff  the  fiscal  year  ended  June  30,  1882,  Mi^.  F.  H. 
Parker,  Oidnance  Department,  commanding'. 102 

13.  Report  of  the  principal  operations  at  the  Frankford  Arsenal,  Penn- 
sylvania, during  the  fiscal  year  ended  June  30,  1882,  M^j.  S.  C.  Lyford, 
Ordnance  Department,  commanding (7  plates)         169 

14.  Report  for  the  year  ended  June  30, 1882,  by  Capt.  F.  Heath,  Ordnance 
Departmen  t,  commanding  the  Cheyenne  Depot 115 

15.  Report  for  the  year  ended  June  30,  1882,  by  Capt.  S.  E.  Blunt,  chief 
oidnance  officer.  Military  Department  of  Dakota 120 

16.  Proof  report,  &c.,  of  8-inch  breech-loading  rifle  Ko.  5 (1  plate)  123 

17.  Report  of  the  Board  on  Heavy  Ordnance  and  Projectiles,  under  act 
approved  March  3, 1881 (10  plates)         139 

18.  Progress  report  on  experimental  cannon  powders,  by  Capt.  Charles  S. 
Smith,  Ordnance  Department.. .' 209 

19.  Report  on  European  ordnance  and  manufactures,  by  Col.  S.  Crispin, 
Ordnance  Department (30  plates)         211 

20.  Reports  on  the  inspection  of  projectiles,  by  Lieut.  Henry  D.  Borup, 
Ordnance  Department 261 

21.  Present  method  of  target  practice  at  the  Frankford  Arsenal,  by  Lieut. 

M.  W.  Lyon,  Ordnance  Department 268 
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Appendices  -Continued. 

22.  The  mannfactnre  of  russet  leather,  and  its  adaptability  for  the  mili- 
tary ser\'ioe,  by  Capt.  D.  A.  Lyle,  Ordnance  Department 27^ 

28.  Ycnt-punch  and  gimlet  for  the  Life-Saving  Service,  by  Capt.  D.  A. 
Lyle,  Ordnance  l^epartment (1  plat^) 

24.  Assembling  and  wearing  infantry  equipments,  by  Capt.  A.  L.  Vamey, 
Ordnance  Department 

25.  Cartridge  and  friction  primers  for  the  military  service,  by  Lient.  Col. 

J.  M.  Whitteraore,  Ordnance  Department  287 

5^.  Mechanical  motion,  by  Lieut.  Col.  A.  R.  Buffington,  Ordnance  Depart- 
ment (2  plates) 

27.  Metrical  into  United  States  measures,  and  vice  rer«a,  by  Lieut.  Kogers 
Bimie,  Ordnance  Department 

28.  Determination  of  the  accuracy  of  small-arm  firing,  by  Capt.  O.  £. 
Michaelis,  Ordnance  Department (3  plates)  316 

29.  Report  on  Cranston's  safety  ligthing  attachment  for  lanterns,  by  Capt. 

J3.  A.  Lyle,  Ordnance  Department (1  plate)  325 

30.  Report  of  the  Board  on  Magazine  Guns (20  plates)  32^ 

31.  Deviations  of  small-arm  projectiles,  by  Capt.  John  £.  Greer,  Ordnance 
Department (2  plates)  451 

32.  Snowing  the  stations  and  duties  of  the  officers  of  the  Ordnance  De- 
partment   4S7 

33.  Proof  of  11-inch  breech-loading  chambered  rifie  No.  1,  by  Capt.  Charles 

S.  Smith,  Ordnance  Department 45^ 

REPORTS  OF  THE  ORDNAXCB  BOARD. 

34.  Report  on  the  11-inch  breech-loading  chambered  rifie  No.  1  (2  plates)  465 

35.  Report  on  the  steel  parts  of  11-inch  breech-loading  chambered  rifle 

No.  1 (1  plate)  471 

36.  Report  on  the  8-inch  breech-loading  chambered  rifle  No.  2..  (5  plates)  489 

37.  Report  on  the  steel  for  12-inch  breech-loading  guns  and  mortar  how- 
itzer   501 

38.  Report  on* the  comparative  trials  of  the  Butler  and  Arrick  projectiles. 
(Opiates) 513 

39.  Report  on  protection  of  magazines  from  lightning (3  plates)  527 

Armaioint  OF  fortifications: 

Chief  of  Ordnance  directs  attention  to  the  renorts  of  the  Ordnance  Board 
on  tests  of  heavy  guns  and  projectiles  submitted  (Appendioes  34,  35, 

36,37,38) 6 

the  guns  recommended  for  trial  and  construction  (list) 7 

the  pressing  need  for  sea-coast  armament 8 

the  use  of  steel  wire  for  hooping  cannon 8 

steel  hoops  for  mortars '. d 

steel  is  unquestionably  the  material  out  of  which,  full-power  guns  must 

be  made 8 

use  of  wire- wound  guns 8 

Army  (Appendix  3) : 

statement  of  stores  issued  to,  during  the  fiscal  irear  1882 44 

Armstrong  guns.    (See  European  Ordnance  and  manufactures.) 
Arrick  projectiles  (Appendix  38) : 

comparative  trials  of  the  Butler  and  Arrick ^ (9  plates)  5!3 

Artuxert  Board  (Light).  {See  Light  Artillery  Board.) 
Benicia  Arsenal: 

condition  as  to  workshops,  &c 4 

report  of  its  principal  operations  during  the  fiscal  year  1882  (Appendix 

11) 97 

BiRXiE,  LIEUT.  Rogers,  Jr. : 

conversion  of  metrical  into  United  States  measures  and  vice  versa  (tables)  ^  299 

Blanket  bag  : 

instructions  for  assembling  and  wearing  the  infantry  equipments  blanket- 

bM  pattern 285 

Blunt,  Capt.  S.  E.  : 

report  of  principal  operations  in  the  military  department  of  Dakota  for 

the  fiscal  year  1882 139 

Board  on  Magazine  Guns,    (^ee  Magazine  guns.) 

Board  on  heavy  ordnance  and  projectiles  (Appendix  17): 

report (10  plates)  IS^ 

list  of  designs  regarded  as  entirely  impracticable Ul 
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Board  on  heavy  ordnakce  and  projectu.es  (Appendix  17) — Continued. 

list  of  designs  not  having  sujfident  merit  to  warrant  a  trial 141 

list  of  designs  not  regarded  as  untkin  the  scope  of  the  BoarWs  investigation .  141 

list  of  designs  not  suitable  for  guns  of  large  caliber 142 

list  of  designs  not  suitable  for  use  with  guns  of  large  caliber 142 

plans  not  recommended  for  actual  test  for  reasons  given  in  each  case 

named , 142 

list  of  designs  not  recommended  for  actual  teist,  others  of  same  class 

being  preferred 147 

designs  recommended  for  trial  in  accordance  with  the  resolution  of  the 

Board  in  each  case 147 

steel  for  heavy  guns 152-3 

list  of  drawings (plates)  155 

record  of  the  proceedings  and  adjournments 157 

BoCH  MAGAZINE  GUN.    (fiee  Magazine  gun.) 
BoRUP,  Lieut.  Henry  D.  : 

report  on  the  inspection  of  300  4.2-inch  Butler  solid  shot  and  of  1,000  8- 
inch  Butler  projectiles 261 

BUFFINGTON,   LlEHT.  COL.  A.   R. : 

description  of  a  machine  of  interest  as  a  practical  illustration  of  the  res- 
olution of  forces  into  components  and  of  the  principle  of  mechanics  that 
* 'action  and  reaction  are  equal,  simultaneous,  and  contrary  "  (2  plates) .  2d4 

Bullet,  500  grain  model  1881 : 

charges  of  powder  required  to  obtain  prescribed  velocities 1 13 

Bursting  of  the  8-inch  B.  L.  rifle  No.  5  (Appendix  16) 123 

Bursting  of  the  11-inch  B.  L.  chambered  rifle  No.  1  (Appendix 34)...         465 
Burton  magazine  gun.    (See  Magazine  gun.) 
Butler  projectiles  (Appendix  38): 

report  on  the  comparative  trial  with  the  Arriok (9  plat-es)         513 

Oannon  powders,  experimental. 

progress  report  (Appendix  18) 209 

Oanteen : 

report  on.  (See  Cheyenne  Ordnance  Depot.) 
Carbine  : 

the  Board  on  Magazine  Quns  instructed  to  consider  the  plan  to  dispense 
with  the  carbine  and  to  adopt  in  lieu  thereof  a  rifle  which  shall  be 

adapted  to  all  arms  of  the' service 351 

Carbine  : 

the  Board  on  Magazine  Guns  report  that  it  is  feasible  to  substitute  a  rifle 

to  take  the  place  of  the  carbine 353 

and  report  {See  Springfield  rifle),  a  modification  of  the  Springfield,  with 

request  that  it  be  tried 358 

Carbine  sockets  : 

report  on.    (See  Cheyenne  Ordnance  Depot.) 
Cartridge  belt  : 

report  on.    (See  Cheyenne  Ordnance  Depot,  and  See  Dakota,  Department 
of.) 
Cartridges  (Appendix  25) : 

the  requirements  of,  for  the  breech-loading  small-arms  in  the  military 

service 287 

comparative  tests 288-290 

Cartridges,  rifle: 

the  Board  on  Magazine  Guns  to  report  on  the  advisability  of  dispensing 
with  the  carbine  cartridge  and  using  in  lieu  thereof  the  rifle  cartridge.  343 

rules  of  the  Board  governing  tedts  for  the  same 344, 345 

Cartridges,  service  : 

tests  to  determine  cause  of  ruptures  (See  Tests)  (Appendix  3) 112 

Cavalry  equipments: 

report  on.     (See  Cheyenne  Ordnance  Depot.) 
Chaffre-Reece  magazine  gun.    (See  Magazine  guns.) 
Chambered  gun  : 

report  on  the  B.  L.  No.  11.    (See  Guns.) 
Cheyenne  Ordnance  Depot  : 

report  for  the  fiscal  year  1882  (Appendix  14) 115 

infantry  equipments 115 

ramrod  bayonet  rifles 115 

huutiug  knives 116 

wooden  wiping  rods 116 

cavalry  equipments 117 

the  cartridge  belt 117 
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Ohetbnns  Ordnance  Depot— -Continued. 

the  canteen 117 

carbine  sockets 118 

lariats 119 

side  lines 119 

hair  girths 119 

targets  and  target  material 119 

Clothino  bag  : 

of  pattern  1874  superseded  by  the  blanket-bag 285 

COLLEOES  AND  UNIVERSITIES : 

statement  of  ordnance,  ordnance  stores,  &o.,  distributed  to  colleges  and 

universities  during  the  fiscal  year  1^2 --  B 

Conversion  op  measures  and  weights  : 

metrical,  into  United  States,  and  vice  versa 304-31S 

CoRBETT,  Thomas  H.  : 

his  opinion  of  the  metal  in  the  8iuch  B.  L.  rifle  No.  5  (bursted) 

Cranston's  safety  lighting  attachment  (Appendix  29) : 

for  lanterns  in  the  life-saving  service (1  plate)         ^ 

Dakota,  Department  op  : 

report  for  the  fiscal  year  1882  (Appendix  15) 120 

Fort  A.  Lincoln  ordnance  depot .         liS) 

the  rifle  with  ramrod  bayonet V^ 

the  cartridge  belt 121 

Dean  magazine  gun.    (See  Magazine  guns.) 

De  Bange  fermeturk.    (See  European  ordnance  and  manufactures.) 

Department  op  Dakota.    (See  Dakota,  &c.) 

Determinations  (See  Bmall-arm  firing) : 

accuracy  of  small-arm  firing 316 

Deviations  ^Appendix  31) : 

vertical  oeviation  of  the  point  of  fall  of  small-arm  projectiles  from  the 
point  aimed  at  when  the  latter  point  is  above  or  below  the  horizontal 
plane  through  the  point  of  fire,  making  use  of  the  equation  of  the  tra- 
jectory   (2  plates)        451 

Duties  : 

distribution  of  duties  of  the  officers  of  the  Ordnance  Department 4 

Eijjot  magazine  gun  : 

description 439 

Equipments  for  ught  batteries  : 

the  board  of  artillery  officers  convened  in  April,  1881,  by  G.  0. 39,  A.  6.  C, 
has  made  a  preliminary  report  to  enable  the  Ordnance  Department  to 

manufaeture  samples  of  carriages,  hamessi  &o .  ^ 

Equipments,  infantry  : 

blanket  bag  pattern.    (See  Infantry  equipments.) 
Executive  departments  : 

statement  of  ordnance,  ordnance  stores,  &c.,  issued  to,  during  the  fiscal 

year  1882 71 

Expenditures  (See  Resources) : 

of  the  Ordnance  Department  for  the  fiscal  year  1882 S 

Experimental  cannon  powders: 

progress  report  (Appendix  18) 209 

European  ordnance  and  manufactures  (Appendix  19) : 

report (30  plates)        211 

English  heavy  ordnance (14  plates}        211 

Armstrong  guns ^4 

Whitworch  guns 237 

French  heavy  ordnance (16  plates)        240 

naval 240 

Schultz  wire  gun 251 

the  De  Bauge  fermeture 257 

Experiments  (See  Tests) : 

with  Dupont's  sporting  powder,  rifle  and  carbine  ammunition,  &c 112 

Fabrications  : 

statement  of  principal  articles  fabricated  at  arsenals  during  the  fiscal 

year  18^ 15 

Field  carriage,  metal  (See  Light  Artillery  Board): 

preparation  of,  delayed ? 

FiliTH^s  steel: 

summary  of  mechanical  tests  taken  from  the  breech  receiver  of  the  11- 
inch  B.  L.  rifle  No.  1,  chambered  (after  rupture) 4# 
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Flaoler,  Lieut.  Col.  D.  W.  : 

report  of  principal  operatioDS  at  Hock  Island  arsenal  for  the  fiscal  year 

1882 78 

Fortifications.  (See  Armament  of  fortifications.) 
Fort  A.  Lincoln,  Ordnance  Depot  (Appendix  15) : 

report  of  principal  operations  for  the  fiscal  year  1882 121 

Frankford  arsenal  : 

being  the  only  cartridge  factory  belonging  to  the  government,  deserves 

fostering 4 

Frankford  arsenal  (Appendix  13)  (See,  also,  Tests) : 

report  of  tbe  principal  operations  during  the  fiscal  year  1882 (7  plates)  109 

the  Gill  dynamometer (Plate  I)  109 

Paddock's  interpolator (Plate  III)  110 

star  gauge,  model  1881 (Plate  IV)  110 

shot-gun  outfits 110 

tests  with  the  Hotchkiss  patent  cartridge  case  and  the  Frankford  Arsenal 
solid-head  case ;  with  the  shot-^un  shell ;  Dupont's  strong  sporting  pow- 
der, carbine  and  rifle  ammunition ;  cause  of  rupture  of  the  service  car- 
tridge in  the  chamber  of  tbe  rifle ;  velocities  in  summer  compared  with 

those  in  winter;  primers,  &c 111-114 

Frankford  arsenal  (Appendix  28) : 

determination  of  the  accuracy  of  small-arm  firing-reports (3  plates)  316 

Frankford  arsenal  (Appendix  28): 

description  of  a  mask  for  the  firing  ground 322 

Frankford  arsenal  (Appendix  21) : 

present  method  of  target  practise 268 

Frankford  arsenal  reloading  case  : 

comparative  tests  with  the  Hotchkiss .*....  Ill 

charges  of  powder  required  to  obtain  required  velocities  with  the  500- 

grain  bullet,  model  1881 113 

Friction  primers  (Appendix  25) : 

report  on  experiments  to  remedy  defects  found  to  exist  in  cannon  primers.  290 

Gill  dynamometer.  (See  Frankford  Arsenal.) 
Gimlet,  vent  (Appendix  23) : 

for  the  life-saving  service (1  plate)         284 

Greer,  Capt.  John  £. : 

deviation  of  smaJl-arm  pfojectiles 451 

Guns: 

stee],  breech  loaders,  for  field  guns 10 

Guns: 

steel,  for  armament  of  fortifications 8 

Guns: 

list  of  heavy  guns  recommended  for  trial,  and  for  construction  and  trial 

by  the  board  of  officers  of  which  General  Getty  was  president 7 

Guns  : 

the  material  out  of  which  fulljmcer  guns  must  be  made  is  steel 8 

proof  report  of  8-inch  B.  L.  rine  No.  5  TAppendix  16) 123 

proof  report  of  11-inch  B.  L.  chambered  rine  No.  1  (Appendix  33)  ......  459 

report  on  rupture  of  the  11-inch  B.  L.  chambered  nfle  No.  1  (Appen- 
dix 34) (2  plates)         465 

report  on  the  steel  parts  of  the  11-iuch  B.  L.  chambered  rifle  No.  1,  after 

rupture  (Appendix  35) (1  plate)         471 

summary  of  mechanical  tests  of  the  steel  (Firth's)  from  the  breech  re- 
ceiver of  the  11-inch  B.  L.  chambered  rifle  No.  1  (after  rupture) 488 

report  on  the  d-inch  breech-loading  chambered  rifle  No.  2  (Appendix 

36) (5plates)  489 

report  on  the  steel  for  the  12-inch  breech-loading  guns  and  mortar  how- 
itzers (Appendix  37) 501 

Guns,  magazine.   (See  Magazine  guns.) 
GUNPOWDKR  magazines  (Appendix  39) : 

report  on  their  protection  from  lightning (3  plates)  527 

Hair  girths.   (See  Cheyenne  Ordnance  Depot) : 
Harness  dressing  : 

used  at  the  National  Armory,  Springfield,  Mass.,  f jr  russtt  leather  (See 

Knsset  leather) 283 

Heath,  Capt.  F.  (See  Cheyenne  Ordnance  Depot) : 

report  on  equipments  issued  to  the  Army 115 

Heavy  guns.    (^eeGuns.) 


536  INDEX. 

Heavy  ordnance  and  projectiles  (Appendix  17) : 

report  of  the  Board  under  act  of  Congreas,  March  3,  1881  (See  Board  on 

Heavy  Ordnance  and  Projectiles) (10  plates)  138 

HoTCHKiss  MAGAZINE  GUN.    (iSftf  Magazine  guns.) 

HOTCHKISS  PATENT  CARTRIDGE  CASES  : 

comparative  tests  with  the  Frankford  Arsenal  solid  head  (8^  Frankford 

Arsenal,  and  iSae  Tests)  (Appendix  13) Ill 

Hunting  knives.    (See  Cheyenne  Ordnance  Depot.) 
Infantry  EQUIPMENTS.    (^Cheyenne  Ordnance  Depot.) 
K  Infantry  equipments  (Appendix  24) : 

instructions  for  assembling  and  wearing  blanket-bag  pattern 285 

Ingredients  for  leather  dressing.    (See  Harness  dressing. ) 
^  Inspection  of  projectiles  (Appendix  20) : 

report  on  the  inspection  of  300  4.2-inch  Butler  solid  shot 261 

report  on  the  inspection  of  1,000  8-inch  Butler  projectiles 2B2 

Larlats.    (See  Cheyenne  Ordnance  Depot. ) 
Leather.    (See  Russet  leather.) 
Lee  magazine  gun.    (See  Magazine  guns.) 
Life-saving  service  : 

vent  punch  and  gimlet  for  (Appendix  23) 284 

1  Cranston's  safety-lighting  attachment  for  lanterns  (Appendix  29) 325 

L  Light  artillery  board: 

convened  in  April)1881,  by  G.  O.  No.  39,  A.  G.  O.,  to  consider  recent  changes 
in  guns,  harness,  and  equipments  for  light  batteries ;  its  preliminary 

report 9 

Lightning  : 

protection  of  powder  magazines  from ;  report  of  Ordnance  Board 337 

Lubricant  : ' 

ingredients  for  harness  dressiag 283 

^  Lyford,  Maj.  S.  C.  : 

report  of  principal  operations  at  the  Frankford  Arsenal  for  the  fiscal  year 

1882 109 

Lyle,  Capt.  D.  a.  : 

report  on  the  manufacture  of  russet  leather  and  its  adaptability  to  the 

military  service 272 

description  of  a  vent  pnnch  and  vent  gimlet  for  the  Life-Saving  Service.  291 
report  on  Cranston's  safety-lighting  attachment  for  lanterns  lor  the  Life- 
Saving  Service 

Lyon,  Lieut.  M.  W.  : 

report  on  the  present  method  of  target  practice  at  Frankford  Arsenal. . . 
Magazine  guns  : 

the  Board  on  magazine  guns  assembled  July  5,  1881,  and  submitted  its 

report  September  30,  lSi8 5 

the  three  gnns  recommended  represent  the  different  systems  of  the  de- 
tachable and  fixed  magazines 5 

report  of  the  Board  (A^^endix'SO) (20plates)  3» 

recommcudations  of  General  Sherman  on  the  report  of  the  Board 330 

recommendations  of  the  Chief  of  Ordnance  on  the  report 331 

approval  of  the  Secretary  of  War 331 

detail  for  the  Board 332 

proceedings  and  adjournments 331 

rules  and  tests  adopted  for  the  trial  of  the  guns  presented 334-336 

the  BoHrd  to  report  upon  the  advisability  of  using  the  rifle-cartridge 

for  the  carbine  and  dispensing  with  the  carbine  cartridge 343 

rules  adopted  to  govern  experimental  tests  respecting  the  use  of  rifle 

cartridges  in  carbines 36 

the  Board  to  fake  into  consideration  the  feasibility  of  the  adoption 
of  a  rifle  adapted  to  all  arms  of  the  service,  cavalry,  infantry,  and 

artillery,  and  which  would  supersede  the  carbine ^..\ 351 

the  board  report  a  rifle  (modified  Springfield)  to  supersede  the  oar- 
bine,  and  recommend  that  it  be  made  lor  trial 358 

supplementary  modified  tests 370 

list  of  magazine  guns  submitted  with  address  of  exhibitor 375 

synopsis  of  tests — 

Kemington-Keene,  No.  1 376 

Remington*Keene,No.2 371* 

Boch  gun.  No.  3 379 

Hotchki8sgun,No.  4 381 

Hotohkiss  gun,N«».  r» 3dt 

Cbaffee-Reece  gun,  No.  6 385 
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synopaii  of  tests : 

BAchgau,No.7 387 

BemiD^on-Keene  gnn,No.8 388 

Hotchkise  gun.  No.  d 390 

Lee  goo,  No.  10 391 

Lee  gun,  No.  11 393 

TheTrabuegun,No.l2 394 

Bochgun,No.l3 396 

RaBsefl  gun,  No.  14 397 

Boch  gun,  No.  15 398 

Marlin  gun.  No.  16 399 

Russell  gun,  17 400 

Boch  gun,  No.  18 403 

Trabuegon,No.l9 403 

Boch  gun.  No.  20 405 

Trabue  gun,  No.  21 406 

Dean  gun,  No.  1^ 407 

Deangun,No.23 408 

Spencer-Lee  gun,  No.  24 409 

Dean  gun,  No.  25 410 

Boch  gun,  No.  26 411 

Remington-Keene  gun.  No.  27 414 

Marlin  gun,  No.  28 414 

Remington-Keene  gun,  No.  29 416 

Remington-Keene  gun,  No.  30 417 

Spencer-Lee  gun,  No.  31 419 

Dean  gun,  No.  32 420 

Chaffee- Reece  gun.  No.  33 421 

Hotchkiss  gun,  No.  34 423 

Spencer-Lee  gun,  No.  35 *^ 428 

Lee  gun.  No.  36 432 

Burton  gun.  No.  37 434 

Burton  gun,  No.  38 434 

The  Spnngfield-Jones  gun.  No.  39. 435 

Rnssell-Livermore  ^n.  No.  40 437 

EUfotgun  (description) 439 

regular  teats : 

table  showing  weights,  number  of  cartridgCB  carried,  and  the  com- 
parative performance  of  all  magazine  guns  before  the  board 441-448 

supplementary  tests: 

table  showing  weights,  number  of  cartridges  carried,  and  the  compara- 
tive performance  of  the  guns  subjected  to  supplementary  tests....  449-450 
Manufactures.    (^Sm  Fabrications.) 

Manufactures,  ordnance.    (See  European  ordnance  and  manufactures.) 
Manufacture  of  russet  leather.    (See  Russet  leather.) 
Marksmen.    (^8^  Metals.) 
Marlin  magazine  gun.    (^ee  Magazine  guns.) 
Mask: 

for  the  tiring  ground  at  Frankford  Arsenal ;  description 322 

Measures: 

metrical  and  United  States:  tables  of  conversion 299 

Mechanical  motion  (Appendix  20): 

description  of  a  machine  of  interest  as  a  practical  illustration  of  the  reso- 
lution offerees  into  components,  and  of  the  principle  of  mechanics  that 

'*  action  and  reaction  are  equal,  simultaneous,  and  contrary  *\.(2  plates)  294 
McAllister,  Col.  J. : 

report  of  the  principal  operations  at  the  Benicia  Arsenal  during  the  fiscal 

>earl882 97 

McLaughlin,  J. : 

.  his  opinion  of  the  metal  of  the  6-inch  B.  L.  rifle  No.  5  (ruptured) 126 

Medals: 

to  successfiil  marksmen  in  division,  department,  and  Army  contests 6 

Metcalfe,  Capt.  Henry: 

determination  of  the  accuracy  of  small-arm  firing (3  plates)  916 

description  of  the  method  of  constructing  a  mask  for  the  firing  ground 

at  frankford  Arsenal 322 

Metrical  measures  (Appendix  27): 

tables  of  conversion  into  United  States  measures  and  vice  versa 299 
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MiCHASLis,  Capt.  O.  E.  : 

inventigation  of  the  relative  yalae  of  E,  called  "  the  radios  of  the  circle 

of  shots, ''and  D,  called  the  mean  absolute  deviation 

Miutia: 

the  bill  (S.  1596)  for  providing  arms,  &o.,  to  the  militia,  now  on  the  Calen- 
der of  Congress,  is  recommended  for  passage 11 

the  special  attention  of  Congress  called  to  the  subject  of  arming  and 

equipping  the  militia --  13 

Mortar  howitzers  : 

report  on  the  steel  for  12-inch  B.  L.  guns  and  mortar  howitzers •  •  501 

MODIFIRD  SPRINGFIELD  RIFLE: 

adapted  to  all  arms  of  the  service  (^00  Magazine  guns)  (report  of  Board.) 
Officers  of  the  Ordnance  Department: 

stations  and  duties  on  October  1,  1882 437 

Ordnance  Department: 

the  armament  it  provides 4 

Ordnance  Notes: 

these  publications  freely  distributed  to  the  Army 4 

Ordnance  and  projectiles.  {See  Board  on  heavy  ordnance  and  projectiles). 
Ordnance  and  bianufactures.  (Sm  European  ordnance  and  manu&ctores. ) 
Ordnance,  ordnance  stores,  &c,  : 

stfirt;ement  of,  issued  to  the  military  establishment  exclusive  of  the  militia  44 

apportionment  of  the  money  value  to  the  States  and  Territories  under  the 

law  for  arming  and  equipping  the  militia 66 

statement  of,  distributed  to  the  militia  of  the  States  and  Territories  under 

the  law  for  arming  and  equipping  the  militia  for  the  fiscal  year  1882. .  67 

statement  of,  distributed  to  the  Territories  and  States  bordering  thereon, 

under  joint  resolations  of  Congress 72 

statement  of^  distributed  to  colleges  and  universities 73 

statement  of,  distributed  to  the  executive  departments 74 

Ordnance  Board: 

report  on  the  11-inch  B.  L.  chambered  rifle  No.  1  (Appendix  34). (2  plates.) 
report  on  the  steel  parts  of  the  11-inch  B.  L.  chambered  rifle  No.  1  (Ap- 
pendix 35) (Inline)  471 

report  on  the  8-inch  B.  L.  chambered  rifle Nu.  2  (Appendix  36) . . (5  plates)  489 

report  on  the  steel  for  12-inch  B.  L.  guns  and  mortar  howitzers  (Appendix 

37 :...  501 

report  on  the  comparative  trials  of  the  Butler  and  Arrick  projectiles  (Ap-    . 

pendix  38) (9  plates)  513 

•  report  on  protecting  gunpowder  magazines  from  lightning  (Appendix 

39) (3  plates)  5«f 

Paddock's  interpolator.    (See  Frankford  Arsenal.) 
Parker,  Maj.  F.  H.  : 

report  of  principal  operations  at  the  Piocatinny  Powder  Depot  for  the 

fiscal  year  1882 M» 

requests  to  be  furnished  with  instructions,  and  the  benefit  of  the  opinion 
and  judgment  of  the  Ordnance  Board  in  the  matter  of  the  protection  of 

po  w^der  magazines  from  lightning  (Appendix  39) (3  plates)  587 

Piccatinny  Powder  Depot: 

attention  called  to  report  of  the  commanding  officer 4 

report  of  principal  operations  for  the  fiscal  year  1882  (Appendix  12) ....  lOi 

Powders  : 

experiments  to  ascertain  the  suitableness  of  our  molded  powders  for  heavy 

gims  have  been  made  with  satisfactory  results 8 

Powders.    {See  Cannoa  powders,  experimental.) 
Powder  : 

charges  required  with  the  Frankford  Arsenal  solid  head  reloading  case 

and  500  grain  bullet-model,  1881,  to  obtain  prescribed  velocities 113 

Powder  magazines  (Appendix  39) : 

report  of  the  Ordnance  Board  on  the  protection  of  powder  magazines  from 

lightning (3  platee)  527 

Powder  and  shot  charger.    {See  Shot-gun  outfit.) 
Powder  and  projectiles: 

sales  and  purchases  under  act  of  March  3,  1881 75 

Priming  tools.    {See  Shot-gun  outfit.) 
Principal  operations  (reports) : 

Rock  Island  Arsenal  (Appendix  10) 78 

Benicia  Arsenal  (Appendix  11) 97 

Frankford  Arnenal  (Appendix  13) 1CR> 
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Piooatiiiii^  Powder  Depot  (Appendix  12) 102 

Fort  A.  Lincoln  Ordnaace  Depot 120 

Department  of  Dakota  (Appendix  15) 120 

Progress  report.    (See  Cannon  powders,  experimental.) 
Projectiles,: 

report  on  the  inspection  of  300  4.2-inoli  Bntler  solid  shot 261 

report  on  the  inspection  of  1,000  8-inch  Butler  projectiles 262 

deviations  of  small-arm.    (See  Deviations.) 

report  on  the  comparative  trials  of  the  Bntler  and  Arrick  projectiles 

(Appendix38) (9plates)         518. 

Proos*  report  * 

of  the  8-inch  B.  L.  rifle  No.  5  (Appendix  16) (1  plate)  12a 

Protection  OF  submarine  mines 9 

Punch: 

for  life-saving  service.    (See  Vent-punch.) 
Purchases  : 

statement  of  principal  articles  procured  hj  purchase  at  the  arsenals  dur- 
ing the  fiscal  year  1882 23 

of  powder  and  projectiles  under  act  of  March  3, 1881 7S> 

Ramrod  bayonet  rifle.    (See  Cheyenne  Ordnance  Depot,  Small-arms,  and 

Dakota,  Military  Department  of.) 
Reloading  case,  solid  head.    (See  Frankford  Arsenal  reloading  case.) 
Remington-Keene  magazine  gun.    (See  Magazine  guns.) 
Reports  (i^M  Appendices) : 

principal  operations  at  Rock  Island  Arsenal,    (^m  Appendix  10)  (4  plates) .  78 

principal  operations  at  Benicia  Arsenal.    (See  Appendix  11) 97 

principal  operations  at  Piccatinny  Powder  Depot.    (iSm  Appendix  12)..  102 

principal  operations  at  Frankford  Arsenal.    ( See  Appendix  13)  (7  plates).  109 

of  commanding  officer  of  Cheyenne  Ordnance  Depot.    (See  Appendix  14^ .  115 

by  chief  ordnance  officer.  Military  Department  of  Dakota.    (See  Appendix 

15) 120 

proof  report  of  8-inch  B.  L.  rifle  No.  5.    (See  Appendix  16)  (1  plate) 123 

board  on  heavy  ordnance  and  projectiles,    (oee  Appendix  17)  (10  plates).  13d 

on  experimental  cannon  powders.    (See  Appendix  18) 20^ 

on  European  ordnance  and  manufactures.    (See  Appendix  19)  (30  plates) .  211 

on  the  inspection  of  projectiles.    (See  Appendix  20) 961 

on  present  method  of  target-practice  at  Frankford  Arsenal.    (See  Ap- 
pendix 21)  268 

on  the  manufacture  of  russet  leather  for  the  military  service.    (^00  Ap- 
pendix 22) 272 

vent  punch  and  gimlet  for  the  life-saving  service.    (See  Appendix  23) 

(1  plate) 284 

assembling  and  wearing  infantry  equipments,  blanket  bag  pattern.  (^00 

Appendix  24) 285 

cartridges  for  small-arms  and  friction  primers  for  cannon.    (^00  Appendix 

25) 287 

mechanical  motion.    (i$00  Appendix  26)  (2  plates) 294 

couTersion  of  metrical  into  United  States  measures,  and  vice  verea,    (See 

Appendix  27) 29^ 

determination  of  the  accuracy  of  small-arm  firing.    (^00  Appendix  28)  (3 

plates) 3ie 

Cranston's  safety-lighting  attachment  for  lanterns.    (^$00  Appendix  29) 

(iDlate) 325 

board  on  magazine  guns.    (/Siee  Appendix  30)  (20  plates) 32^ 

deviation  of  small-arm  projectiles.    (Appendix  31 )  (2  plates) 451 

proof  11-inch  B.  L.  chambered  rifle  No.  1.    (Appendix  3:^) 459^ 

on  the  11 -inch  B.  L.  chambered  rifle  No.  1,  ruptured.    (Appendix  34)  (2 

plates) 465 

on  the  steel  parts  of  the  ruptured  11-inch  B.  L.  chambered  rifle  No.  1. 

(Appendix  3.5)  (1  plate) 471 

on  the  8- inch  B.  Li.  chamoered  rifle  No.  2.    (Appendix  36)  (5  plates) 489 

on  the  steel  for  the  12-inch  B.  L.  guns  and  mortur  nowitzer. .  ( Appenix  37) .  501 
on  the  comparative  trials  of  the  Butler  and  Arrick  projectiles.    (Appen- 
dix 38)  (9  plates) 5ia 

on  protection  of  gunpowder  magazines  from    lightning.     (Appendix 

39)  (3  plates) 527 

Resources  (See also  Expenditures): 

of  the  Ordnance  Departmeut  for  the  fiscal  year  1882 3- 
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B1FLE8,  RAMROD  BAYONET.    (iSee  Cheyenne  Ordnance  Depot;  Dakota,  Mili- 
tary Department  of;  Small-arms.) 

BiFLB,  MODIFIKD  SPRINGFIELD,    (^ee  Springfield  rifle ;  Small-arms.) 

Rifle,  small-arm  : 

the  board  on  magazine  guns  directed  to  take  into  consideration  a  rifle 
adapted  to  all  arms  of  the  service  and  to  supersede  the  carbine.  ^  {See 
Springfield  rifle  modified;  Magazine  guns.) 

Rifles,  heavy.    (See  Guns.) 

Rifle  gun,  8-inch,  No.  5(5ecGnn8)  proof  report IS 

Rifle  gun,  il-mca,  No.  1  (£ee  Guns)  proof  report 459 

Rifle  gun,  8-inch  : 

report  on  8-inch  B.  L.  chambered  No.  2  (-See  Guns) 43 

Rock  Island  Arsenal: 

report  of  the  commanding  officer  submitted 4 

report  of  the  principal  operations  for  the  fiscal  year  1882  (Appendix 
10) (4  plates)         7S 

Rules: 

adot>ted  by  the  Board  on  magazine  guns  in  tests  of  guns 334 

adopted  by  the  Board  on  magazine  guns  to  govern  experimental  tests  re- 
specting using  the  rifle  cartridge  for  the  carbine 36 

Russell  MAGAZINE  gun.    (iSee  Magazine  guns.) 

^ussBLL-LiVERMORE  MAGAZINE  GUN.    (Se6  Magazine  guns.) 

Russet  leather  (Appendix  22) : 

its  manufacture  and  adaptability  for  the  military  service 2^ 

harness  leather,  hemlock-oak 27S 

tanninj^ , .* 274 

bleaching , S* 

harness  dressing,  ingredients ^ 

^ALES: 

of  powder  and  projectiles  under  act  of  March  3,  1881 ^ 

-San  Antonio  Arsenal: 

tho  provision  by  Congress  for  buildings,  liberal 4 

•ScHULTZ  WIRE  GUNS.    (Sdc  European  ordoance  and  manufactures.) 
^HOT-GUN  OUTFITS.    {See  Frankford  Arsenal.) 
Shot-gun  shell  {See  Frankford  Arsenal) : 

tests  for  endurance lU 

Shot-guns  : 

the  alteration  of  the  Springfield  rifle  caliber  58  to  a  shot-gun  and  issue 
of  same  to  the  Army  in  the  proportion  of  two  for  each  company  meets 

with  much  favor ^ 

^iDE  lines: 

report  on  those  issued  to  the  Army.    {See  Cheyenne  Ordnance  Depot. ) 
■Small- ARMS : 

number  manufactured  at  the  National  Armory,  Springfield,  Mass.,  in  fis- 
cal year  1882 ^ 

number  on  hand  as  a  reserve  supply ^ 

the  Springfield  breech-loading  rifle  had  no  superior  and  will  hold  its 

place  until  superseded  by  a  magazine  gun ^ 

magazine  guns  to  the  number  of  40  have  been  tested  by  a  competent 
board,  and  3  out  of  the  number  have  been  recommended  by  the  Board 

**  as  suitable  for  the  military  service."    {See  Magazine  guns) ^ 

report  on  the  ramrod  bayonet  rifle.    {See  Cheyenne  Ordnance  Depot ;  Da- 
kota, Military  Department  of), 
the  Board  on  Magazine  guns  directed  to  take  into  consideration  a  rifle 
which  shall  be  ^apted  to  all  arms  of  the  service,  with  a  special  view 

to  supersede  the  carbine  {See  Magazine  guns) S5i 

Small- ARM  firing  (Appendix  28) : 

determination  of  the  accuracy (3  plates^        31^ 

Small-arm  projectiles.    (See  Deviations.) 
Smith,  Capt.  Charles  S  : 

proof  report  of  8-inch  B.  L.  rifle  No.  5 1^ 

progress  report  on  ex^rimental  cannon  powder ^ 

proof  report  of  the  11-inch  B.  L.  chambered  rifle  No.  1 ^ 

Solid-head  reloading  case: 

charges  of  powder,  &c..  required  with,  and  the  500-grain  bullet,  model 

188L  to  ODtain  prescribed  velocities 11^ 

Spencer-Lee  magazine  gun.    (iSee  Magazine  gun.) 
Sporting  powder: 

tests  of  Dn  Pout's  strong,  at  the  Frankford  Arsenal l^ 
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8pbin6Fieij>  rifle,  modified: 

the  Board  on  ma^zine  guns  propose  a  modified  Springfield  rifie  for  all 
arms  of  the  service,  ana  to  snpenede  the  carbine,  with  recommendation 

that  it  be  made  for  trial,  &c 358 

Springfield  rifle: 

the  Springfield  rifle  has  no  superior,  and  will  hold  its  place  until  super- 
seded by  a  magazine  gun 5 

Springfield  shot-guns.    {See  Shot-guns.) 
Springfield- Jones  MAGAZINE  GUN.    (5e«  Magazine  guns.) 
Star  Gauge,  model  1881.  (5ceFrankford 'Arsenal.) 
Starring,  Capt.  W.  S.: 

firing  report  of  8-inch  B.  L.  rifle  No.  5 123 

States  and  Territories: 

statement  of  stores  issued  to,  under  the  law  for  arming  and  equipping 

the  militia,  and  under  joint  resolutions  of  Congress 67, 72 

Stations  and  duties: 

of  the  oflicers  of  the  Ordnance  Department,  how  distributed 4 

of  the  officers  of  the  Ordnance  Department  on  October  1,  1882  (Appendix 

32) 457 

Steel: 

is  unquestionably  the  material  out  of  \7hich  fulUpower  guns  must  be  made .  8 

report-  on  the  steel  for  the  12-inch  B.  L.  guns  and  mortar  howitzers 501 

Steel  parts: 

report  on  the  steel  parts  of  the  11-inch  B.  L.  chambered  rifle  No.  1 471 

Steel  for  light  artillery  guns 10 

Steel  for  heavy  guns  (See  European  ordnance  and  manufactures;  Board 

on  Heavy  Ordnance  and  Projectiles) 8, 152, 153, 259 

Submarine  mines: 

protection  of  torpedo  fields 9 

Target  practice: 

rewards ;  medals  of  gold  and  silver  provided  for  best  record 6 

Targets  and  target  material.    (See  Cheyenne  Ordnance  Depot.) 
Target  practice: 

present  method  of,  at  Frankford  Arsenal  (Appendix  21) 268 

testing  machine: 

the  results  of  tests  made  by,  should  be  given  to  the  whole  country  by  pub- 
lication    10 

Tests: 

adopted  by  the  Board  on  magazine  guns 335 

Tests  (See  Frankford  Arsenal ;  Ap^ndix  13) : 

of  the  rifle  and  carbine  ammunition  to  determine  their  relative  merits..  112 
comparative  tests  of  the  Hotohkiss  patent  cartridge  case  with*  the  Frank- 
ford Arsenal • Ill 

with  the  Frankford  Arsenal  shot-gun  shell  for  endurance Ill 

to  determine  cause  of  rupture  of  the  service  cartridge  in  the  chamber  a^ 

the  rifle 112 

to  determine  why  velocities  obtained  in  summer  are  so  much  higher  than 

those  obtained  in  winter 112 

of  Winchester  primers  for  piercing 113 

of  charges  of  powder,  &c.,  required  with  the  Frankford  Arsenal  solid-head 
reloading  case  and  500-grain  bullet,  model  1881,  to  obtain  prescribed 

velocities  (table) 113 

Trabue  MAGAZINE  GX7N.    («S^  Magazine  guns.) 
United  States  measures: 

conversions  of,  into  metrical,  and  vice  versa  (tables) 299 

United  States  testing  machine.    (See  Testing  mackine.) 

Vent  gimlet,  ?/ A         ,.    tw\ 
VBNTPUNCH;|<*PP«°dix23): 

for  the  Life  Saving  Service (1  plate)         284 

Varney,  Capt.  A.  L. : 

instructions  for  assembling  and  wearing  the  infantry  equipments,  blanket- 
bag  pattern  285 

Weights  and  measures: 

metrical  and  United  States,  tables  of  conversion 299 

Whipple,  Lieut.  C.  W.  : 

report  on  inspection  of  1,000  8-inch  Butler  projectiles 262 

Whittemore,  Lieut.  Col.  J.  M. : 

cartridges  for  B.  L.  small-arms  and  frictiion  primers  for  cannon 287 

Whitworth  guns.    (See  European  ordnance  and  manufactures.) 
Wooden  wiping  rods.    (See  Cheyenne  Ordnance  Depot.) 
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